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Effects of Liquid Physi cal Properties on Oxygen 


nay 
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Pai eee 


The success of fermentation processes often depends 


wade ae RR ict RET 


upon the maintenance of an environment. sufficient 
in oxygen concentration so as not to limit or impair 
normal respiratory activity. Maintenance of such an 
environment is, in turn, largely dependent on the 
' adequacy of oxygen transfer from air to the liquid 
' medium. Of the possible pathways for oxygen trans- 
port, absorption into the medium and subsequent 





| diffusion to the cells is undoubtedly the main one in 
; submerged fermentation. 

et al. (1950b), Hixson and Gaden 
(1950), and Wise (1951) were the first to consider the 
mechanisms of oxygen transfer in fermentation systems, 
and they developed essentially identical methods for 
the quantitative expression of absorption rates. The 


Bartholomew 


absorption of oxygen into aqueous solutions, especially 


fermentation media, is generally considered as a 
liquid-film controlled mass-transfer operation. As such 
it should be expected that the mass-transfer rate, 
specifically the “oxygen absorption” rate for this case, 
is a function of those physical properties of the broth 
which affect interfacial area, turbulence, and boundary 
(film) conditions. Two such properties which undergo 
considerable change during many fermentations are 








surface tension and viscosity. For an excellent treatise 
on the subject of oxygen transfer in fermentations, the 





3 reader is referred to the recent review by Finn (1954). 
/ Apparently, no reports have been published of the 
)) changes in the rate of oxygen transfer which are due to 
) physical property alterations of the broth as the 
fermentation progresses. Many fungal fermentations 





© produce thick non-Newtonian*® broths as the mycelium 


j ‘Merck & Company, Inc., Rahway, New Jersey. 
* Contribution No. 55, Chemical Engineering Laboratories, 
Engineering Center, Columbia University, New York. 

* Fluids can be broadly classified as either Newtonian or 
non-Newtonian. Newtonian fluids are characterized by a con- 
stant viscosity, independent of the shear imposed on the fluid. 
In figure 4, a Newtonian fluid would be represented by a 
straight line curve passing through the origin, the slope of 
which would be directly proportional to the viscosity of the 





fluid. Thus, only one point on a shear diagram is needed to 
characterize completely a Newtonian fluid. 

\ny fluid in which the viscosity changes as shear conditions 
are changed is considered non-Newtonian. Non-Newtonian 
fluids are classified according to their dependence on shear 
into various general groups, one of which is Bingham plastics. 
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concentrations rise, often as high as 25 to 30 g of dry 
tissue per liter during the fermentation. Metabolic 
activities, particularly hydrolysis of complex protein 
structures, utilization of carbohydrates, and the 
depositing of end-products in the broth, would be 
expected to change the surface tension considerably. 
The investigation reported here was undertaken in 
order to obtain information on the extent of changes in 
surface tension and viscosity during a penicillin fer- 
mentation and the degree to which they influence the 
rate of oxygen transfer from air to fermentation broth. 


EXPERIMENTAL METHODS 


Penicillin fermentations with Penicillium chryso- 
genum Q-176 in a corn steep liquor-lactose medium 
were carried out in 2-liter flasks (containing 800 m! 
of medium) on a rotary shaker. The contents of several 
flasks were combined at various time intervals in order 
to permit study of the broth under mechanical agita- 
tion (stirring) and aeration in a laboratory 5-liter 
fermentor similar to one described by Bartholomew 
et al. (1950a). The experimental fermentation medium 
used was of the type described by Anderson et al. 
(1953): lactose 4.0 per cent, corn steep liquor 4.0 per 
cent, sodium nitrate 0.3 per cent, potassium dihydrogen 
phosphate 0.05 per cent, magnesium sulfate hepta- 
hydrate 0.025 per cent, and calcium carbonate 0.4 
per cent. 

Oxygen absorption rates were determined by the 
nonsteady-state polarographic method described by 
Bartholomew et al. (1950b), but with the following 
modification: samples were withdrawn periodically 
and measured in a polarographic cell external to the 
agitation vessel in order to avoid installation of an 
internal electrode. For these experiments, respiratory 
activity of the cells was first inhibited by the addition 
of sodium azide to a concentration of 1 & 10-*m per 
liter in the broth. 

Since the viscosity behavior of the broth was non- 
Newtonian, shear diagrams were constructed from 


This type of fluid exhibits a definite yield stress which must 
be overcome before the fluid will flow. The curves in figure 4 
are those of Bingham plastics. The slopes, in this case, are 
proportional to the rigidity of the fluid, a property somewhat 
analogous to viscosity in a Newtonian fluid. The y-axis inter- 
cepts are proportional to the yield stress. 
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measurements were made of the filtered broth with a 
Traube stalagmometer (Findlay, 1945). 


RESULTS 


All experimental fermentations exhibited the char- 
acteristic pattern expected for P. chrysogenum (figure 
1) under the fermentation conditions employed. 
Lactose utilization is slow, and only 10.5 of the initial 38 
g were used in the case shown. This low rate of sugar 
consumption is, however, expected, since aeration in 
2-liter shaken flasks containing an 800-ml charge, 
under the shaker conditions used, is rather poor. 


Surface Tension of Filtered Broth During Fermentation 


Surface-tension changes occurring “normally” during 
the fermentation follow a characteristic pattern, 
illustrated by the two typical runs shown in figure 2. 
By “normal” changes are meant those occurring in the 
cell-free (filtered) broth in the absence of such added 
surface-active materials as antifoam agents. In each 
vase, the lowest surface tension was noted at the 
beginning of the fermentation. Maximum variations 
were but 5 to 6 per cent (note that the scale of figure 
2 is greatly amplified). Apparently, the metabolic 
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[Vou, 3 
TABLE 1. Absorption coefficient of filtered 
broth during fermentation 


Fermentation Time Absorption Coefficient ky X 


hours g mols/ml X hr X atm 
0 0.89 

12 0.88 

24 | 0.87 

36 | 0.85 

18 0.82 

62 | 0.84 

S6 | 0.88 

111 | 0.88 


activities of the organism do not bring about very great 
changes in surface tension under the conditions em- 
ployed. 


Absorption Rates in Filtered Broth 


The oxygen absorption rate for filtered, cell-free 
broth was also found to vary but slightly during the 
fermentation (table 1). The maximum change ob- 
served was a decrease of about 8 per cent about midway 
in the fermentation, after which the absorption rate 
rose slowly to a final value close to that at the start. 
Viscosity measurements made simultaneously on the 
filtered broth showed changes in this property of less 
than 5 per cent. Apparently, the effects of biochemically 
produced changes on the oxygen-transfer characteristics 
of the cell-free medium are inconsequential, and, in the 
absence of added materials, the liquid-phase resistance 
to oxygen absorption is fairly stable. 


Effect of an Antifoam Agent on Surface Tension 
Foaming conditions encountered during fermentation 
often require the addition of an antifoam agent for 


collapsing the foam. The effect of one such agent, the 
commonly used mixture of 3 per cent Alkaterge C* in 


lard oil, was observed when it was added at various 


concentrations to 62-hour-old filtered broth. As shown 
in figure 3, this agent readily lowered the surface 
tension of the filtered broth, rapidly at low concentra- 
tions, until an apparent saturation was reached at 
higher levels. At a concentration of 0.25 per cent, the 
agent caused a 13 per cent reduction in surface tension. 
Such external factors as the addition of this antifoam- 
ing agent obviously have much greater effects on 
surface tension than the metabolic activity of the 
microorganism. 


Effect of an Antifoam Agent on Oxygen Transfer 


The accompanying effect of 3 per cent Alkaterge C in 
lard oil on oxygen absorption is also illustrated in 


* Commercial Solvents Corporation, Terre Haute, Indiana. 
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figure 3. A decrease in the absorption coefficient of 
almost 50 per cent is caused by the addition of very 
little agent (0.10 per cent). The fact that the coefficient 
is so severely reduced, despite the lower surface tension, 
and hence greater interfacial area, suggests that an 
added film resistance is formed as a result of congrega- 
tion of the agent at the air bubble-liquid interface. 
Oldshue (1953) reported similar effects when antifoam 
agents were used during oxygen-transfer measurements 
in a sulfite-sulfate system. Of course, the addition of 
an antifoam agent will, by collapsing the foam, also 
reduce the air hold-up volume, and hence the residence 
time. In the experiments reported here, there was, 
however, never any appreciable foam accumulation; 
so the idea of an additional interfacial transfer re- 
sistance seems most likely. 


Fluid Behavior of Whole Broth During Fermentation 


Cell weight (mycelium) developed to a concentra- 
tion of about 8.5 g of tissue (dry) per liter during the 
fermentation. Shear diagrams (figure 4) made to 
characterize the whole broth indicated typical Bingham y 
plastic behavior, thus increasing in yield stress and 
rigidity with increasing mycelial concentration (the 
parameter for the curves in figure 4 is actually ‘“fer- 
mentation” time, but this is related to tissue concen- 
tration in the manner shown in figure 1). In figure 5, 
rigidity values for the broth obtained from the slopes 
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of the shear diagrams are plotted against mycelial 
concentration. A rigidity as high as 148 centipoises 
developed. 

Since the completion of this work, Brown and 
Petsiavas (1954) presented data on the mixing char- 
acteristics of a mycelial-type broth. Their results 
greatly extended the observations on viscosity behavior 
noted above. Oxygen absorption was not considered. 


Effect of Mycelial Concentration on Fluid Behavior 


For the purpose of observing the effect of mycelial 
concentration on the absorption coefficient, various 
quantities of 40-hour-old mycelium, poisoned with 


256 












F. H. DEINDORRFER AND E. L. 








(6a) 

20 / 
Loe ° 
RECONSTITUTED 
0.7- ; 

0.5 
FF 03- 
x / 
a / NORMAL 
ue 02 v4 
ne / 
ane ¥ 
oc 
> = 
5° 0.1 ie 
= 007+ / / 
/ 
cose / 
/ 
0.03 
0.02 
0.01 | | 7 l 
| 2 3 > 7 10 


GADEN 


VuL. 3 





(6b) 


200}— [ 
° 


100 






RECONSTITUTED 
70} 


SO} 


NORMAL 


RIGIDITY - 7 
centipoises 











MYCELIUM CONCENTRATION - gms/liter 


Fic. 6. Effect of mycelium concentration on yield stress and rigidity 
: k £ hk 














0.10 
°o 
x 
ee: 
z 
wW 
Ve 
ae 
es 
Ss 
SS 
> 004+ 
ace 
g 
< 
o02- 
re) l 1 ! ! ! n 
6) 2 4 6 8 10 12 4 
MYCELIUM CONCENTRATION - gm/liter 
Fic. 7. Effect of mycelium concentration on absorption 
coefficient. 


sodium azide in order to inhibit respiration, were used 
for reconstituting filtered broth. Shear diagrams of the 
reconstituted broth showed a behavior essentially 
similar during the fermentation to that of normal 
broth (figure 6a, b). Slight differences do exist, and are 
expected, since viscosity behavior is a function not 
only of mycelial concentration, but also of the mycelial 
structure and extent of physical interlacing of hyphal 
networks. It is difficult, in filtering and resuspending, 
not to disturb the original nature of the mycelium in 
these respects. 


Effect of Mycelial Concentration on Absorption Rate 


In figure 7, the oxygen-absorption rates observed at 
various mycelial concentrations (reconstituted broth) 
are shown. Because of the changes in broth consistency 
noted above, a rapid decrease in the absorption rate 
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occurs as mycelial concentration is increased. At a 


mycelial concentration of 13.4 g tissue (dry) per liter, 
the rate was reduced by nearly 85 per cent. 


Relationship Between Rigidity and Absorption Rate 


The effect of various mycelial concentrations on the 
absorption rate of reconstituted medium is best inter- 
preted through the fluid characteristics of these broths. 
tigidity values at the mycelial concentrations used 
were obtained from figure 6b for reconstituted broth. 
Absorption rates were then plotted against these 
rigidities in figure 8. The absorption rate decreases 
rapidly with increasing rigidity. This is consistent with 
the concept of liquid-film controlled mass-transfer 
operations, in which liquid turbulence or “film-thick- 
ness” is decidedly dependent on viscosity character- 
istics. 
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1955 EFFECTS OF FERMENTATION 


SUMMARY 


Fluid behavior was found to be typically Bingham- 


plastic, the broth increasing in rigidity 100-fold during ~ 


the fermentation. Rigidities as high as 148 centipoises 
developed. An 85 per cent reduction in absorption rate 
was caused by a mycelial concentration of 13.4 g dry 
tissue per liter. Oxygen absorption rates were related 
to broth rigidity, the rates decreasing markedly with 
increasing mycelial concentrations. 

Changes in surface properties brought about by 
metabolic activity of the microorganism apparently 
did not influence oxygen absorption in fermentation 
media to any appreciable degree. Maximum changes in 
the absorption rate for cell-free medium amounted to 
less than 8 per cent during the course of a typical 
penicillin fermentation. 

Changes in surface characteristics caused by the 
introduction of a mixture of 3 per cent Alkaterge C in 
lard oil, a common antifoam agent, were considerable. 
At a concentration of 0.25 per cent antifoam agent, the 
absorption coefficient was reduced almost 50 per cent, 
despite the greater interfacial area resulting from an 
associated 13 per cent reduction in surface tension. 
The existence of an added film resistance established by 





MEDIA ON OXYGEN TRANSFER 


accumulation of the agent at the gas-liquid interface is 

suggested. 
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The elimination of infectious hazards in the micro- 
biological laboratory requires new equipment and 
modified technique. The requirements will vary ac- 
cording to the nature of the experiment and the in- 
fectiousness of the microorganism. There is a growing 
tendency to enclose all hazardous biological procedures 
in closed ventilated cabinets. This results in certain 
difficulties in carrying out such standard techniques 
as diluting, mixing and plating. 

Bacterial suspensions in test tubes are often mixed by 
the gravity flow of liquid from a pipette or by alternate 
oral suction and blowing from a pipette. This operation 
is sometimes not entirely safe (Johansson and Ferris, 
1946). Other methods involve rolling the test tube 
rapidly between the hands or shaking it by hand or on 
a mechanical shaking machine. Recognized standards 
for bacteriological technique give little or no information 
on prescribed mixing methods for bacterial suspensions 
in test tubes. 

A considerable amount of time is expended in the 
mixing process when large numbers of serial dilutions of 
bacterial suspensions are being prepared in test tubes 
by several persons. If the safety of the operator re- 
quires that the work be done in a partially or com- 
pletely closed cabinet system (Wedum, 1953), then 
the use of mechanical pipettors provides rapid suction 
but slow gravity expulsion. This situation led to the 
development and study of a magnetic mixer, for the de- 
termination of the extent to which it would save time, 
be more convenient and provide uniformity of mixing. 


MATERIALS AND METHODS 
Design and Construction of Magnetic Mixer 


Figures | and 2 show the details of the mixer. The 
mixing unit is housed in a rectangular box (a) made of 
nonmagnetic stainless steel, with a test-tube receptacle 
(b) in the top. The box is completely soldered and 
welded shut after assembly. The electrical motor leads 
are brought out through fused glass seals which pro- 
vide the terminals for a detachable plug and cord. The 
mixing unit within the housing consists of a General 
Electric Alnico coupler magnet! (c) connected to a rim 
drive wheel (d) which is turned by a friction-drive 
115-v AC, 78-rpm phonograph motor? (e). The mag- 


1 Herbach & Rademan Inc., Philadelphia. 
* The General Industries Co., Elyria, Ohio. 


net drive-wheel assembly revolves on a single race- 
sealed ball bearing; the tire used on this wheel is a 
134-in ID, 21g-in OD Neoprene “O” ring (f). This 7 
assembly is lightly spring-loaded against the motor drive | 
roller (g), so that it is driven reliably without an ex- 
cessive load on the motor. The ratio of the motor roller 
and the magnet drive wheel provides approximately 
1100 revolutions of the coupler magnet :(c) per minute. 
The entire inner unit (figure 1) is suspended on two 
frames (h, 7) which are welded to the top of the box 
housing (7). 

Before sealing the inner unit in the box, it is neces- 
sary to replace all rubber-covered wire or rubber tape 
with such commercial high-temperature materials as | 
nylon, teflon, asbestos or fiber glass. The unit is then 
baked at 121 C for one hour in order to dry all cements 
or varnishes thoroughly and to drive out all traces of 
solvents inside the motor. After the unit is baked, 





— 


the operation and adjustment of the drive assembly | Kx] 
must be rechecked and additional oil added to the mixin 
bearings. | and g 
After assembly, the mixer should be water-tight, and rollin: 
in this condition may be sterilized by immersion in a magn 
disinfectant solution or by autoclaving. For obtaining ment 
the longest possible life for the mixer, the former aerol 
method is recommended. whicl 
The mixer is designed to be used in conjunction with orang 
small rectangular Alnico magnets, measuring 3¢ x sions 
le x ly in.’ These “spinners” (figure 2) are enclosed in main 
glass or are coated with a primer and liquid Neoprene’ Al 
in order to protect bacterial suspensions from possible Pyre 
sationic poisoning. Enclosure in glass is reeommended taini 
because some batches of liquid Neoprene have been } also 
found to exhibit anti-bacterial properties. One spinner Sero 
is placed in each dilution tube before sterilization aliqt 
(figure 2). agal 
The poles of the “spinner”? magnet remain oriented gray 
when the dilution tube is in the mixer; thus the spinner allo 
revolves with the coupler magnet in accomplishing the | agai 
mixing. Unlike other magnetic mixing devices which do leve 
not mix well in such sharply rounded vessels as test ( 
tubes, the test-tube mixer employs magnetic forces gre 
through the side walls of the test tube, or in a hori- plat 


zontal rather than in a vertical plane. 


een 


3 Indiana Steel Products, Valparaiso, Indiana. 
* N-700-1 liquid Neoprene and N-100 primer, Protective 
Coatings, Inc., Tampa, Florida. 
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Fic. 1. Magnetic mixer before assembly 


Comparison of Three Mixing Methods 


Experimental technique. Three types of test-tube 
mixing of bacterial cultures were studied: (1) aspiration 
and gravity flow of fluid from a 5-ml pipette, (2) rapid 
rolling of the tube between the hands and (3) use of the 
magnetic mixer. The test organism used in all experi- 
ments was Bacillus subtilis var. niger, a spore-forming 
aerobe (called Bacillus globigii in earlier publications) 
which grows prolifically at 34 to 37 C and produces 
orange- to tan-pigmented colonies. Stock spore suspen- 
sions were heat-shocked at 80 C for 10 minutes and 
maintained at 5 C throughout the experiments. ° 

All diluting and mixing was done in 16 x 150-mm 
Pyrex glass test tubes, plugged with cotton and con- 
taining 9 ml of sterile saline. Tubes for machine mixing 
also contained Neoprene-coated magnetic spinners. 
Serological pipettes, 1 ml, were used for the transfer of 
aliquots from tube to tube and for the inoculation of 
agar plates. Serological pipettes, 5 ml, were used for 
gravity-flow mixing. Pipettes used in all tests were 
allowed to drain free by touching the tip of the pipette 
against the inner wall of the test tubes above the liquid 
level. 

Corn steep molasses agar with the following in- 
gredients was used for the preparation of all culture 


plates: 
Blackstrap molasses 10 g 
Treated corn steep liquor. . 30 g 
PRR oes co GR a cute cw a heesene tae 20 g 
Distilled water 1000 ml 


pH 7.0 to 7.2 


Sterile corn steep molasses agar plates were prepared 
and dried by storing at room temperature for several 
days. Dried agar plates were inoculated on the surface 
with 0.1-ml quantities of the diluted and mixed spore 
suspension. The inoculum was spread evenly over the 
surface of each plate with a separate sterile bent glass 
rod. In inoculation of the plates, care was taken not to 
use the last 0.1-ml portion from 1-ml pipettes. Agar 
plates were incubated at 37 C for 48 hours and colonies 
counted with the aid of an illuminated colony counter 
and a hand tally. In order to increase accuracy of 
counting, Petri dish covers were marked above each 
colony with a wax pencil, and all counting was done 
by the same technician. 

Statistical methods. The counted number of bacterial 
colonies appearing on agar plates in the various tests 
was used as a basis for statistical comparison. The mean 

value of all counts from all plates of each condition 
tested was obtained. The mean counts, 


where x equals counts of individual plates and N equals 
number of plates, were used to calculate the standard 
deviations, 

Ja — x) 


N -1 


—- 


which are expressions of the range of variation of the 
data. 
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Fic. 2. Magnetic mixer assembled 


The standard errors 
S 
5 =< 
A ~ 
* AWN 


and the coefficients of variation 


were obtained in order to compare different sets of 
data statistically. The standard deviation of the 
coefficients of variation 


was obtained in some cases. 
Students ratio 


a — 
{= = 2 
V (Sh)? + (Sk)? 
was used to test the significance of differences between 
the mean counts of methods or conditions to be com- 
pared. For an infinite number of degrees of freedom, 
t values exceeding the 5 per cent level of ¢ distribution, 
or 1.960, were considered significant, whereas values 
exceeding the 1 per cent level, or 2.576, were considered 
highly significant. 


The statistical methods used in this study are es- 
sentially those used by Snyder (1947). Definitions and 
detailed explanations of these methods are given by 
Snedecor (1946). 

In order to compare completeness of mixing by the 
various experiments in which aliquots from the top 
and bottom of the test tubes were plated, ratios of the 
means 


& of top samples 


R; a . 
& of bottom samples 


were computed. It is obvious that a theoretical R; value 
of 1.0000 signified complete mixing. 
RESULTS 

Establishment of a standard procedure for each mixing 
method. Each of the three mixing methods was studied 
separately in order to determine the number of aspira- 
tions, hand rolls or machine-seconds required to give 
adequate mixing. With a stock suspension of B. subtilis 
var. niger spores and one of the mixing methods, dilu- 
tions were made through five 9-ml dilution tubes, 
the same degree of mixing being used throughout. 
Then another set of tubes was prepared, with an in- 
creased degree of mixing. For instance, the contents of 
the first set of tubes was mixed by one aspiration and 
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MAGNETIC MIXING OF TEST-TUBE DILUTIONS 


TaBLeE 1. Mixing of test-tube dilutions: aspiration-gravity flow method 


Statistics 

top bottom top 
Number of replicates 18 18 18 
Mean values (colonies per plate) 126 216 163 
Standard deviations 24.7 28] 24. 
Standard errors. : 5.8 6.8 5. 
Coefficients of variation. . ae 0.20 0.13 0. 

Ratio of means, Rz* 0.5833 


* R; value of 1.0000 signifies complete mixing. 


TABLE 2. Mixing of test-tube 


Statistics 

top bottom 
Number of replicates 18 18 
Mean values (colonies per plate) 136 144 
Standard deviations 141.3 $1.5 
Standard errors. 33.3 9.8 
Coefficients of variation. . 0.32 0.29 

Ratio of means, Rz* pee 3.0264 


* Rz value of 1.0000 signifies complete mixing. 


gravity flow of 5 ml of the contents from a 5-ml pipette, 
the second set of tubes by two aspirations and 2 gravity 
flows, then four, and so on (table 1). For each method, 
at each mixing degree, six replicate sets of dilutions 
were made from the same stock solution. In order to 
determine completeness of mixing, aliquots of 0.1 ml 
were plated on corn steep molasses agar with separate 
l-ml serological pipettes, first from the top and then 
from the bottom of the mixed tubes. All aliquots were 
plated in triplicate. The mean value of all plate counts 
for each degree of mixing was then calculated. Because 
the same stock spore suspension was not used for each 
mixing method, a comparison of the mean values of 
plate counts of the different methods is not valid. 
Comparison of the standard deviations and other 
statistics, however, may suggest the relative efficiencies 
of the methods. 

The results of the study of the mixing methods are 
shown in tables 1, 2 and 3. Inspection of tables 1 and 2 
shows that the top and bottom sampling technique can 
be used for evaluating mixing, because low degrees of 
mixing produced large variations between the top and 
bottom samples, and increased degrees of mixing (more 


aspirations or hand-rolls) brought these values closer 
tovether. 


Number of Aspirations 


Test-tube sampling position 


bottom top bottom top bottom top bottom 
18 18 18 17 18 18 17 

167 171 185 158 172 163 171 
30.2 33.3 34.5 19.9 21.6 16.7 33.1 
7.1 7.9 8.1 4.8 €.5 3.9 8.0 
0.1 


18 0.19 0.19 0.13 0.13 0.10 0.19 


0.9760 0.9243 0.9186 0.9532 


dilutions: rolling-tube method 


Number of Rolls 
10 20 40 


Test-tube sampling position 


top bottom top bottom top bottom 
IS 18 18 18 18 18 
301 179 305 196 246 224 
54.0 45.0 36.8 40.8 27.9 24.5 
12.7 10.6 8.7 9.6 6.6 5.8 
0.18 0.25 0.12 0.20 0.11 0.11 
1.6851 1.5587 1.0955 


The results of the aspiration-gravity flow method 
(table 1) show that one aspiration from a 5-ml pipette 
does not produce a homogeneous mixture, whereas two 
or more aspirations produce a reasonably homogeneous 
mixture. The over-all standard error, however, was 
somewhat higher than might be desired. Another 
obvious objection to this method is the time required to 
carry out a number of aspirations, for example, 2 to 
8 fillings of a 5-ml pipette. 

In the rolling-tube method (table 2), mixing by 20 
or fewer rolls was completely inadequate. Even the 
efficiency of 40 rolls can be questioned because of the 
slightly high standard deviations and errors. At 40 
rolls, the data indicate that the conditions of mixing 
and factors contributing to the over-all error were 
much the same in the top and bottom counts. Never- 
theless, the high values mentioned may be due to 
factors such as the inability of the mixing method to 
break up bacterial clumps, and, thus, may limit the 
usefulness of this mixing method. 

With the magnetic mixer, 3, 5 and 7 second mixings 
were used (table 3). All three mixing times produced 
homogeneous suspensions. The standard deviations and 
errors from these plate counts were consistently lower 
than the same values for the other two mixing methods. 
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TABLE 38. Mixing of test-tube dilutions: magnetic-mixer method 


Mixing Time (seconds) 


3 5 | 7 





Statistics 
Test-tube sampling position 
top | bottom top bottom} top | bottom 
Number of replicates.| 18 18 18 18 17 18 
Mean values (colo- 
nies per plate) 164 165 =|170) S172) 158s 170 
Standard deviations.| 15.7 | 17.5 | 19.3 | 25.2 | 12.0 | 17.1 
Standard errors 3.7 4.1 4.5| 5.9| 2.8) 4.0 
Coefficients of vari- 
ation..... ee 0.10 0.11; 0.11) 0.15) 0.08) 0.10 
Ratio of means, 
tg oe 0.9939 0.9884 0.9294 


* R; value of 1.0000 signifies complete mixing. 
TABLE 4. Significance of differences between top and bottom 
mean counts in tables 1, 2 and 3 


Mean Difference 


. es S | . 
Comparison of Mixing Methods tudents 


atio 
Top Bottom Difference 
Aspiration-gravity flow: 
no. of aspirations 
1 126 216 —90 3.184+-+* 
2 163 167 —4d 0.444 
4 171 185 —14 1.237 
6 158 172 —14 1.572 
8 163 171 —8 0.899 
Hand roll: no. of rolls 
5 436 144 292 | 8.508++ 
10 301 179 122 7.375++ 
20 305 196 109 §.414++ 
40 246 224 22 2.593+ 
Magnetic mixer: no. of 
seconds 
3 164 165 —] 0.181 
5 170 172 —2 | 0.270 
7 158 170 —12 2.458+ 
*+ = significant difference; ++ = highly significant 
difference. 


In tables 1, 2 and 3, the ratio of 
indication of the degree of mixing. 


the means F; is an 
However, in order 
to evaluate the results accurately, the significance of 
the differences between the top and bottom mean 
counts for each mixing method was determined by 
applying Students ratio. These data are shown in 
table 4. Those methods in which the top and bottom 
mean values differed by a highly significant degree are 
indicated as ++ and those in which the difference was 
significant are indicated as +. 

Direct comparison of the three mixing methods. After 
the optimum mixing procedure for each of the three 
mixing methods had been determined from the results 
shown in tables 1, 2, 3 and 4, the three mixing meth- 
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TaBLE 5. Direct comparison of three test-tube mixing m: thods 


Optimum Mixing Meth 


Statistics Two 
aspiration | 40 hand Mixer 3 
| gravity rolls | seconds 
flows 
Number of replicates....... le 80 | 83 
Mean colony counts per plate. . .|272 287 |302 
Standard deviation. . 21.7 23.0 24.5 
Standard error.......... 2.4 2.6 2.7 
Coefficients of variation 0.08 | 0.08 0.08 
Standard deviation of coefficients 
of variation 0.0064) 0.0064) 0.0063 
Difference | Students Students 
Methods Compared Between |Ratio Coef Ratio 
Mean 


Means | Variation | 


Mixer 3 seconds, compared to! 

40 hand rolls........... +14.8 | .0939 /3.96(++ 
Mixer 3 seconds, compared to 2 

ASMITALIONS.... ............... hep +29.5 | .1496 (8.12(4+4+ 
40 hand rolls compared to 2 

aspirations +14.7 | .0550 |4.13(4++4 
ods were directly compared, the optimum procedure 


being used for each method. 

The same stock suspension of spores was used 
throughout. Stock suspension, | ml, was serially diluted 
through five dilution tubes, by the indicated mixing 
method. Large numbers of replicate plates were inocu- 
lated with 0.1 ml of the mixture from the fifth tube. The 
0.1-ml aliquots were removed from the middle of the 
tubes. The results of this experiment are summarized 
in table 5. There was no significant difference between 
the coefficients of variation of the three mixing methods, 
but a significantly higher (++) mean count was ob- 
tained with the magnetic mixer. 

Therefore, the relative effectiveness of the three 
mixing methods on the basis of the mean colony counts 
was (1) magnetic-mixer method (2) hand-roll method 
and (3) aspiration-gravity flow method, in that order. 


DISCUSSION 


It would seem that the variations in colony counts 
between replicate plates and the deviations in the 
counts between duplicate sets of plates are apparently 
the result of several factors. One of these factors is 
the mixing, which, if incomplete, leads to multiple 
increases in error when serial dilutions are made. 

The principal components of what is usually de- 
scribed as the total error might be considered to be the 
dilution error component and the plating error com- 
ponent. Accurately defining the many errors which 
may be a part of each component is useless because 
much depends upon the individual characteristics of 
the bacterial species in use. 

Jennison and Wadsworth (1940) described a method 
of estimating the dilution error which was based on the 
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observed variance of the volume of diluent in serological 
pipettes and the observed variance of the volumes of 
diluent in dilution blanks. With their method of analysis 
and with the assumption that the standard deviation of 
|-ml pipettes is 0.01 ml, and that that of 9-ml dilution 
blanks is 0.1 ml, the dilution error or standard devia- 
tion is 8.5 per cent when 6 dilution blanks are used. 

Davis and Iverson (1953) conducted tests for deter- 
mining the possible error introduced in the expected 
volumes when standard 1-ml, TD, serological pipettes 
were not blown out. Such pipettes usually have a 
frosted band around the top, indicating that the small 
amount in the tip should be blown out. The average 
volume of distilled water delivered by 10 randomly 
selected pipettes when blown out was 0.9814 ml. When 
the same pipettes were not blown out, the average was 
(.9639 ml. Thus, the volume of distilled water delivered 
was decreased approximately 1.78 per cent by not 
blowing out the last drop. 

Snyder (1947) studied the magnitude and reliability 
of 5 plate-counting methods, Shigella dysenteriae being 
used as the test organism. He demonstrated that ordi- 
nary pipetting methods cannot be expected to con- 
tribute significantly to the total error, unless total errors 
smaller than those observed in his studies are obtained. 
The studies showed that the use of 1-ml serological 
pipettes to deliver 0.9-ml aliquots (therefore, the 
pipettes not having been blown out) accounts for 0.6 
to 1.7 per cent of the total error. The coefficients of 
variation shown in table 5 are approximately the same 
as those shown by Snyder for plating errors (0.0727 
to 0.0890). The surface plate-counting method, as 
recommended by Snyder, was used in the present in- 
vestigation. 

The inaccuracies that may be present in plate- 
counting methods which are attributable to the actual 
mixing in dilution tubes were not considered in the 
above references. In the present work, no attempt was 
made to determine exact values for the mixing errors in 
relation to other errors. Instead, in the experiments 
described, all conditions were standardized, and only 
the type and degree of mixing was varied. Thus the 
variation observed in any one series of values may be 
due, in part, to other types of errors. However, it is 
valid to assume that the comparison of statistics 
provides a relatively reliable basis for the evaluation of 
the yarious mixing methods. 

Certain observations were made during the experi- 
ments concerning the relative time required for mixing 
by the three methods. In general, the magnetic mixer 
accomplished mixing faster than the other methods, by 
afactor of 3 to 5 times. With practice, a high degree of 
motion economy can be developed by the technician, 
because plates from one dilution can be inoculated 
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while the next dilution tube is being mixed. It is also 
possible to do two simultaneous sets of dilutions. The 
magnetic mixer was’ autoclaved for 6 hours at 121 C 
during the course of this investigation and was found 
to function properly thereafter. 

Careful consideration should be given to the methods 
of test-tube mixing used for bacteriological plate 
counts. No less than 40 hand rolls should be used if 
the hand-roll method is employed, although it is 
suggested that this degree of mixing can be improved. 
The gravity-flow method can be used if more than one 
aspiration from a 5-ml pipette is used. The pipette 
should not be blown out. Obviously, the most objec- 
tionable feature of this method is the time required to 
mix each tube. The use of the magnetic mixer and 
spinners is recommended for use in_ bacteriological 
safety cabinets, particularly when large numbers of 
plate counts are processed. 


SUMMARY 


An apparatus has been developed for the mixing of 
liquids in 16- or 18-mm test tubes which employs a 
revolving U-shaped permanent magnet. Coated mag- 
netic spinners are used in the mixing tubes. The ap- 
paratus is air-tight and can be decontaminated by 
dipping in a disinfectant solution or by autoclaving. 

Evaluation of the mixer was made both independently 
and concurrently with the roll-tube and the aspiration- 
gravity flow methods. Data indicating the relative 
efficiency of various degrees of mixing within each 
mixing method are presented. A technique in which 
bacterial aliquots were plated from the top and bottom 
of tubes after mixing was shown to indicate adequately 
when homogeneous mixing was accomplished. Experi- 
ments showed that plate counts done with the mixer 
produced higher mean colony counts in less time and 
with an equal degree of accuracy as the comparative 
methods. The use of the mixer is recommended for use 
in bacteriological safety cabinets. 

The authors will furnish further details of construc- 
tion of the mixer. 
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Although the oxidation of fatty acids by molds has 
received only superficial study, it has been found that 
Penicillium roqueforti forms methyl ketones as products 
of the oxidation. The distinctive taste and odor of 
bleu cheese is suggestive of 2-heptanone (Hammer and 
Bryant, 1937), and this compound, together with 
other methyl ketones, has been isolated from a ripe 
cheese and identified (Patton, 1950). 

Experimental work on fatty-acid oxidation by 
ketone-forming molds has been limited to growing 
cultures from which methyl ketones were isolated after 
a period of incubation (Starkle, 1924; Stokoe, 1928; 
Hammer and Bryant, 1937). These experimenters 
found that the molds produced methyl ketones of one 
less carbon atom than the fatty acids supplied; however, 
the results were complicated by the many reactions of 
growing cultures. The present study was _ limited, 
therefore, to relatively short experiments with resting 
cells and a single substrate in order to eliminate syn- 
thetic reactions. 


EXPERIMENTAL METHODS 


A strain of Penicillium roqueforti used in the manu- 
facture of bleu cheese was used throughout these studies. 
The mold was grown in a medium of 2 per cent lactose 
and 4 per cent corn steep liquor. Then, 1 ml of a spore 
suspension of the organism was added to 100 ml of 
medium in 500-ml Erlenmeyer flasks; incubation was 
at 25 C for 48 hours on a reciprocating shaker which 
completed one hundred 4-in strokes per minute. The 
cells were harvested by filtration on a Buchner funnel, 
resuspended several times in distilled water, and 
refiltered. A 2-g portion of the damp mycelium was 
suspended in 100 ml of distilled water, or 0.065 m 
phosphate buffer at pH 7.3, and blended in a chilled 
Waring blendor cup for 10 seconds. Either 1 or 2 ml 
of this suspension were added to Warburg vessels, and 
the oxidation of various substrates was measured at 
30 C by standard manometric techniques (Umbreit 
et al., 1949). 

The salts of the fatty acids were made by neutralizing 
the acids with alkali, usually sodium hydroxide, to pH 
7.3 and making to volume. Acetoacetic acid was pre- 
pared from the ethyl ester by the method of Davis 
(1943). Other substrates were commercial preparations. 

1 Published with the permission of the Director of the 
Wisconsin Agricultural Experiment Station. 


Production of 2-heptanone was determined by th 
addition of the following components to 500-ml Frlen. 
meyer flasks: 2 g damp mycelium blended in 50 1! 
water, 45 ml 0.065 m phosphate buffer at pH 73, 
5 ml 0.02 mM magnesium sulfate, and 10 ml 0.1 M sodiun 
caprylate. After incubation on a rotary shaker (330 
rpm) at 30 C for 3 to 4 hours, the flask contents was 
distilled directly into a solution of 0.1 per cent 2,4. 
dinitrophenylhydrazine. The precipitate was recrystal- 
lized twice from hot 95 per cent ethyl alcohol befor 
identification was attempted. Acetone was determined 
by the method of Greenberg and Lester (1944). 

Paper chromatograms were made at room tempera- 
ture in a closed glass cylinder with 90 per cent methano! 
as the developing solvent. The compounds were spotted 
on a sheet of Whatman no. | filter paper and the Ri 
of the unknown derivative was compared to that oi 
known methyl ketone hydrazones. Melting points oi 
the unknown compounds were compared with the 
values listed in Shriner and Fuson (1948) and Huntress 
and Mulliken (1941), 


RESULTS 


The oxidation of fatty acids by whole cells of P. | 


roqueforti was established manometrically in the 


presence of low substrate concentrations, magnesium 


ions, and phosphate buffer at pH 7.3. Figure 1 illustrates | 
the effect of substrate concentration on the amount of | 


oxygen consumed during the oxidation of caprylate. 
The toxic effect of this acid was evident at concentra- 
tions greater than 10 uM per flask. This general effect 


was noted with all the fatty acids studied and bore a ' 


relationship to the carbon chain length of the acid; 
the cells had a greater concentration tolerance for the 
shorter fatty acids. Butyrate, for example, was oxidized 
rapidly at a concentration of 50 um, whereas 2 um ol 


laurate were inhibitory in several experiments. Palmitate | 
and stearate were not oxidized at a substrate level of | 


1 um. The sodium salts of the acids were used, but no 
differences in rates of oxidation or tolerance were noted 
when the potassium salts were substituted. 

Early work on fatty-acid oxidation 
preparations 


by animal 
requirement for — both 
orthophosphate and magnesium. Table 1 shows the 
stimulatory effect of orthophosphate on the oxidation 
of caprylate by P. roqueforti; the degree of stimulation 
varied greatly between experiments but could be 


established a 
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demonstrated routinely to some extent. If 20 to 40 um 
of fluoride were added instead of phosphate, somewhat 
less stimulation of fatty-acid oxidation was obtained. 
When both phosphate and fluoride were added _ to- 
gether, the amount of stimulation was no greater than 
with phosphate alone. Stimulation of oxidation by 
magnesium was inconsistent, but the metal was added 
routinely because of its general requirement by oxida- 
tive svstems (Lardy, 1951). 

Figure 2 shows the results of a typical experiment 
in which two levels of substrate were used in order to 
establish whether oxidation was stopping before com- 
pletion or if it was proceeding as far as substrate con- 
centration permitted. Experiments similar to this were 
done with a series of straight-chain, saturated fatty 
acids as substrates. The results of these experiments 
are summarized in table 2 and are compared to the 
theoretical values calculated for the complete oxidation 
of the fatty acid to carbon dioxide and water. The 
values reported were established from a series of obser- 
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2AM CAPRYLATE 
Fic. 1. The effect of substrate concentration on the oxida- 
tion of caprylate by Penicillium roqueforti. Each vessel con- 
tained about 4 mg blended mycelium, 1.5 ml 0.065 m phosphate 
buffer at pH 7.3, 0.1 ml 0.02 m MgSO,, and distilled water to 
3 ml, 


TABLE 1. The effect of inorganic phosphate on the oxidation of 
caprylate by Penicillium roqueforti* 


Phosphate Added O: Uptake in 120 Min. 


uM BL 
0.0 132 
6.7 171 
13.4 244 
26.8 281 
53.6 277 
107.2 266 


*Each vessel contained about 4 mg blended mycelium, 
1.0 ml 0.1 m tris(hydroxymethyl)-aminomethane buffer at pH 
7.3, 0.1 ml 0.02 m MgSO,, 5 um sodium eaprylate, and distilled 
water to 3 ml. 


vations, because of the variation among different 
batches of cells. Often the point of inflection had to be 
estimated since the break in the oxygen uptake curve 
was not so pronounced as in figure 2, especially with 
the short-chain fatty acids. 

Figure 3 shows the relationship between the amount 
of oxygen consumed during fatty-acid oxidation and 
the carbon chain length of the acid. Except for the 
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Fic. 2. The oxidation of sodium caprate by Penicillium 
roqueforti. Each vessel contained about 3 mg blended myce- 
lium, 1.5 ml 0.065 mM phosphate buffer at pH 7.3, 0.1 ml 0.02 m 
MgSO,, the indicated amount of substrate, and distilled 


water to 3 ml. 


TABLE 2. Oxygen consumption during the oxidation of fatty acids 
by Penicillium roqueforti* 


Oe Uptake During Oxidation of 1 um 
Fatty Acid : 


Observedt 





Theoretical 

uM uM 

PROGUIG  cs Sees td sixiacers 3910s ee 2.0 1.1 

PROPIONIC... 26.065 goae 3.5 EI 

VG OEIO on cisco acs glesn uel 5.0 1.6 

WIC Soo 0s asda sid Suse aiste: 6.5 2.2 

ORDMONES. 5.50094 este alr ond 8.0 2.3 

PRGRteNGs = coc css eceses 9.5 3.2 

CRONE Os hscc corde nceses 11.0 3.3 
2 yt ee eee 12.5 3.4-4.2 
4.2-4.8 


Capric..... ere es 14.0 





* Each vessel contained about 4 mg blended mycelium, 1.5 
ml 0.065 m phosphate buffer at pH 7.3, 0.1 ml 0.02 m MgSO,, 
the indicated substrate in low concentration (1 to 2 um), and 
distilled water to 3 ml. 

+ Determined by subtracting the endogenous oxygen uptake 
from the uptake in the presence of substrate at the point at 
which exogenous parallels endogenous. 
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short-chain fatty acids, as the carbon chain lengthened 
up to 9 and 10 carbon atoms the amount of oxygen 
consumed increased in paired steps. Fatty acids of 
longer than 10 carbon atoms showed the toxic effect 
described earlier. 

A comparison of the amount of oxygen consumed 
during the oxidation of butyrate and its oxidation 
intermediates is summarized in table 3. None of the 
substrates was oxidized so rapidly as the original acid, 
and the ethyl esters were oxidized more rapidly than 
the sodium salts. which accumulates 
during fatty-acid oxidation by animal tissues, was 
oxidized rapidly by these cells. 

After the oxidation of caprylate for several hours, the 
contents of Warburg flasks had a distinctive ketone 
odor. This odor, not evident when other fatty acids 
were oxidized, was suggestive of a methyl ketone and 
was identified as 2-heptanone by melting-point (74 to 
78 C) and mixed melting-point (76 to 77 C) determina- 
tions of the hydrazone derivative. Paper chromatograms 
of this compound indicated that it was the 2 ,4-dinitro- 


Acetoacetate, 








ss 45 8 TF 8B 8 HO 12 14 


CARBON CHAIN LENGTH 
Fic. 3. The relationship between carbon chain length and 
amount of oxygen consumed during fatty-acid oxidation by 
Penicillium roqueforti. Each vessel contained about 3 mg 
blended mycelium, 1.5 ml 0.065 m phosphate buffer at pH 7.3, 
0.1 ml 0.02 m MgSOx, 2 uo of the indicated substrate, and dis- 
tilled water to 3 ml. The vessels were incubated for 210 min. 


ENDO. 


TaBLeE 3. The oxidation of intermediatss in the scheme of beta 
oxidation of butyrate by Penicillium roqueforti* 


Substrate Oz Uptake in 150 Min. 


al 
Sodium butyrate. . 290 
Sodium crotonate 130 
Sodium beta-hydroxybutyrate . 120 
Ethyl beta-hydroxybutyrate 220 
Sodium acetoacetate 200 
Ethyl acetoacetate 210 
Endogenous. . 110 


* Each vessel contained about 3 mg blended mycelium, 1.5 
ml 0.065 m phosphate buffer at pH 7.3, 0.1 ml 0.02 m MgSO,, 
50 um substrate, and distilled water to 3 ml. 


AND 8. 


G. KNIGHT [vou 3 


TABLE 4. The production of methyl ketones 
by Penicillium roqueforti 


Substrate | Ketone Produced 


Butyrate Acetone 


Valerate 2-Butanone 
Caproate | 2-Pentanone 
Heptylate 2-Hexanone 


Caprylate 2-Heptanone 


Pelargonate 2-Octanone* 


* No 2-octanone was available. Huntress and Mulliken 
(1941) list 58 C as the melting point of the 2,4-dinitrophenyl- 


hydrazone; 52 to 54 C was observed. 


phenylhydrazone of 2-heptanone and that the sample 
was not contaminated with other methyl ketones. 

Although no odor of ketones could be detected during 
the oxidation of other fatty acids in Warburg vessels, 
methyl-ketone formation from these acids was studied 
by following the methods described for the production 
and detection of 2-heptanone from caprylate. Very 
little or no ketone was formed in these experiments. 
However, when cells grown in corn steep-lactose 
medium of half normal concentration were used, the 
amount of ketone produced during the oxidation of 
other fatty acids was increased greatly. Table 4 lists 
the fatty acids and the corresponding ketones which 
were isolated. The amount of ketone produced was 
variable, but approximately 2 per cent of the caprylate 
supplied was oxidized to 2-heptanone. Variations in 
gas phase and pH indicated that conditions favoring 
most rapid substrate oxidation, that is, near neutral pH 
and an O»2 concentration of air or greater, also allowed 
the greatest formation of ketone. Only a few crystals of 
derivative were formed after oxidation either of 
valerate or pelargonate. Although a ketone odor could 
be detected after the oxidation of caprate, not enough 
of the compound (2-nonanone?) was formed to allow 
a melting-point determination. 

Inasmuch as methyl ketones are a product of fatty- 
acid oxidation by P. roqueforti, the effect of these com- 
ponents on the growth and activity of this organism 
was studied. It was found that unadapted cells were un- 
able to oxidize the ketones further and that the presence 
of the ketone did not affect the oxidation of the fatty 
acid from which it was produced. The presence of 0.01 
per cent or more 2-heptanone in corn steep-lactose 
medium inhibited all mold growth; if the amount was 
less than 0.01 per cent, the mold grew slowly and 
gained the ability to oxidize the ketone slightly, about 
10 per cent as rapidly as caprylate oxidation. 


DISCUSSION 


Nieman (1954) suggested that fatty acids are toxic 
because of their adsorption on the cell wall. If this is 
true with P. roqueforti, then increased inhibition of 
oxidation with increasing chain length as well as with 
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increasing concentration could be strictly physical. 
The toxic effect of fatty acids with increasing chain 
length was also noted by Rolinson (1954), who found 
that Penicillium oxidize 
palmitate and stearate at concentrations as high as 1.0 
per cent (w/v); here, a physical explanation alone would 
not suffice. 

Determination of oxygen consumption during the 
oxidation of fatty acids resulted in figures which could 
account for approximately one-third of the acid’s 
being oxidized to carbon dioxide and water. As expected, 
the amount of oxygen consumed during the oxidation 
increased as the carbon chain lengthened. All the acids 
through Cio were oxidized without lag and to approxi- 
mately the same extent. Intermediates in the scheme of 


chrysogenum was able to 


butyrate oxidation were oxidized, although not so 
rapidly as butyrate. Partial impermeability of the cells 
to these substrates or failure to supply the ‘‘active”’ 
intermediate could account for the decreased rate of 
oxidation. 

Part of the discrepancy between theoretical and 
observed oxygen uptake could be accounted for by the 
production of methyl ketones. A possible mechanism 
for the formation of these ketones is the oxidation of 
the fatty acid to the beta-keto acid and then the 
decarboxylation of this acid (Starkle, 1924; Thaler 
and Geist, 1939). Stokoe (1928) suggested that in 
ketone-forming fungi the acid was sufficiently poisonous 
to alter the normal scheme of oxidation. These theories 
do not appear to account for the formation of only one 
ketone from a fatty acid, since several beta-keto acids 
would be formed during the oxidation of the longer- 
chain acids. Attempts to clarify the mechanism have 
been impeded by the impermeability of P. roqueforti 
to these substrates. Efforts to obtain preparations free 
from the limitations imposed by permeability have 
been unsuccessful. 

Because it was found that methyl ketones had an 
inhibitory effect on growth when present in sufficient 
concentration, it is interesting to speculate that the 
production of these ketones in a ripening cheese may 
serve as a self-regulating mechanism. As the organism 
grows, the production of these compounds may inhibit 
overgrowth of the mold during the ripening period. 
One might expect that the reduced pO, within a cheese 
might favor the formulation of such incomplete oxida- 
tion products as methy! ketones. Results with standing 
cultures did not corroborate this possibility, since it 
Was observed that lowered oxygen tension actually 
reduced the amount of ketone formed and that a pO» 
greater than that of air did not increase ketone yields. 
The amount of ketone produced was found to be re- 
lated to the rate of fatty-acid oxidation and not the 
amount of available oxygen. 





FATTY ACID OXIDATION BY PENICILLIUM ROQUEFORTI 


SUMMARY 


The oxidation of fatty acids by Penicillium roqueforti 
was investigated, and it was found that resting cell 
suspensions of the organism were capable of oxidizing 
fatty acids in the presence of phosphate, magnesium, 
and low substrate concentration. The acids became 
increasingly toxic as the carbon chain lengthened. 
Acids of longer than 10 carbon atoms were oxidized 
only slowly, if at all, even at low substrate concentra- 
tions. 

It was found that a methyl ketone containing one 
less carbon atom than the fatty-acid substrate was an 
end-product of the oxidation. These compounds were 
not metabolized further by resting cell suspensions but 
were inhibitory to a growing culture of the organism. 
The amount of ketone produced was related to the rate 
of fatty-acid oxidation. 
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Lactose is the usual source of energy for multiplica- 
tion of Lactobacillus casei (Orla-Jensen, Holland) in 
milk, but when milk is made into cheese the lactose con- 
tent usually is depleted within a few days. Even then, 
in such cheese as Cheddar, lactobacilli may continue to 
increase in numbers until 6 to 12 months after the 
cheese is made, thus demonstrating the ability of these 
organisms to utilize some compound(s) other than lac- 
tose as a source of energy. 

The presence of amino-acid deaminases often has 
been demonstrated in bacteria of different species, but 
reports on such deaminases in L. casez, the most com- 
mon lactobacillus in Cheddar cheese, are not available. 
The present study was carried out to investigate the 
ability of L. casei to deaminate amino acids, in order to 
establish these as a possible source of energy for growth 
of L. casei in Cheddar cheese. 


EXPERIMENTAL METHODS 


Lactobacillus casei strain 7 was selected as the test 
organism from a group of L. casei cultures on the basis 
of its superior ability to deaminate pi-serine at 37 C. 
The cells were produced in a modified Briggs’ (1953a) 
medium of 100 ml V-8 juice, 10 g Bacto tryptone, 10 g 
yeast extract, 5 g NaCl, 0.5 g starch, 1 g Tween 80, and 
distilled water to 1 liter. The medium was adjusted to 
pH 7 and autoclaved for 20 min at 15 lb pressure. In- 
oculation was with 0.1 per cent of a culture 24 hr old. 
Incubation at 32 C for 16 hr usually resulted in a final 
pH of 4.25 to 4.20. The cells were harvested by centrifu- 
gation and washed three times in ice-cold physiological 
saline, with a total of approximately 100 times as much 
saline as cells. The washed cells were suspended in 
sterile water at the rate of 1 to 2 mg bacterial nitrogen 
per 0.5 ml suspension. 

Immediately after suspension, 0.5-ml portions were 
added to test tubes containing | ml of 0.1 mM phosphate 
buffer and 0.5 ml of a 0.05 M amino acid solution. The 
test tubes were closed with rubber stoppers and incu- 
bated in a water bath for 2 hr, a period over which a 
straight-line relationship between time and amount of 
NH, released from pti-serine had been demonstrated. 

! Journal paper No. J-2745 of the Iowa Agricultural Experi- 
ment Station, Ames, Iowa. Project No. 1050. 

2 Present address, Dairy Technology Department, The Ohio 
State University, Columbus, Ohio. 
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Most of the deamination studies were carried out at pl] 
8.3, the range normally considered optimum for bacte- 
rial deaminases, and at pH 5.4, within the range of pil 
level of ripening Cheddar cheese. The solutions of amino 
acids were freshly made for each experiment and were 
adjusted to the pH level of the buffer. The amino acid- 
buffer mixture was steamed for 0.5 hr and cooled just 
before addition of the cells. Controls without cells and 
without substrate were run. The reaction was stopped 
by addition of 0.5 ml of 25 per cent trichloroacetic acid. 

The contents of the reaction tubes were made to 1} 
ml with distilled water and the cells removed by centrif- 
ugation. In order to recover the NH3, 10 ml of the 
supernatant were steam-distilled, by using the modifi- 
cation in method and apparatus proposed by Van 


Devender ef al. (1952) of the original method by Choi 


et al. (1946). It was found sufficient to use only 5 ml of 
the 8 per cent Mg(OH), and to collect only 9 ml of dis- 
tillate in a test tube containing 1 ml of 0.01 nN H.SO, 
NH; was determined by the method of Johnson (1941), 
as described by Umbreit et al. (1951). The results are 
given as micrograms of NH; released per milligram of 
bacterial nitrogen per 2 hr and are obtained by subtract- 
ing the endogenous reaction from the metabolized. The 
pH level at which a reaction has been recorded to take 
place is that of the cell-buffer-substrate mixture before 
incubation. 

Pyruvic acid was determined by the direct method of 
Friedman and Haugen (1943), and lactic acid by the 
method of Barker and Summerson (1941). Phos- 
phoserine was isolated from casein by the method of 
Sorimati (1939). 


RESULTS 


Deamination of Individual Amino Acids and 
Some Related Compounds 


The following amino acids and related compounds 
were subjected to deamination by Lactobacillus casei 
strain 7: L-lysine-HCl, t-histidine-HCl, glycine, pt- 
valine, pL-methionine, L-tryptophan, L-leucine, DL- 
phenylalanine, L-proline, L-glutamic acid, pL-aspara- 
gine, pL-threonine, tL-cysteine-HCl, p1-isoleucine, 
pL-alanine, DL-serine, L-serine and phosphoserine. 

The temperatures selected were 37 C, optimum tem- 
perature for growth of the strain, and 46 and 52 C, 
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T\BLE 1. Deamination of serine, cysteine, and asparagine by 


ny 


Lactobacillus casei strain ? 


NHs Released per mg bacterial nitrogen* at 


Substrate y $2:C 46C 
pH 5.4 pH 8.3 pH 5.4 pH 8.3 

ug ug ug ug 
pL-serine 9.3 19.2 29.9 108.4 
L-serine 13.1 29.3 65.2 231.8 
Phosphoserine 0.0 0.0 0.0 —1.0 
, cysteine: HCl 8.4 1.3 23.2 12.6 
L-asparagine 0.0 1.8 15.5 212.6 


* 37 C: 1.99 mg; 52 and 46 C: 1.56 mg bacterial nitrogen per 
tube. 


later demonstrated to be optimum temperatures for 
deamination of pL-serine at pH 8.3 and 5.4, respec- 
tively. Table 1 shows that more NH; was released from 
L-cysteine: HCl] at pH 5.4 than at pH 8.3, whereas the 
amount of NH; released from L-asparagine was much 
higher at pH 8.3 than at pH 5.4. This was particularly 
evident at the higher temperatures. The release of NH; 
from the remaining amino acids was below 10 yg of 
NHz per milligram of bacterial nitrogen. 

Approximately twice as much NH; was released from 
L-serine as from pL-serine, thus indicating that the 
enzyme involved probably is stereospecific. The replace- 
ment of the hydroxyl hydrogen of serine with a phos- 
phoric acid group resulted in inhibition, as found by 
Chargaff and Sprinson (1943) with Escherichia colt. The 
enzyme releasing NH; from L-cysteine possibly has its 
optimum in the acid range. The enzyme releasing NH; 
from L-asparagine has its optimum in the alkaline 
range. The release of NH; from L-asparagine probably 
was due to deamidation rather than deamination, since 
aspartic acid was not deaminated. 

Increases in pyruvic and lactic acids were demon- 
strated during the deamination of pL-serine. During 
deamination of L-cysteine- HCl, HS was also released. 
The ability of L. casez strain 7 to degrade cysteine also 
was manifested in the cultures for cell production. After 
16-hr incubation, H.S could easily be detected by odor 
and with lead acetate paper. 


Factors Influencing Deamination of DL-serine 


Gale and Stephenson (1938), working with Hscher- 
ichia coli, were the first to point out the inhibitory 
effect of glucose in the growth medium on formation of 
bacterial deaminases. A similar experiment was made 
with Lactobacillus casei strain 7. In order to have defined 
conditions with respect to glucose, a medium of compo- 
sition similar to that of the basie growth medium was 
used, except that V-8 juice, which contains a small 
amount of carbohydrate, was omitted. Instead, from 
0.2 to 2.0 per cent glucose was added. The medium could 
not support satisfactory growth without either glucose 
or V-8 juice added. Cells grown in the medium with 
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Fic. 1. Effect of incubation temperature on the deamination 





of pL-serine by Lactobacillus casei strain 7 under aerobic con- 
ditions. 


glucose added showed less serine deaminase activity 
than cells grown in V-8 juice medium. The activity 
decreased with increasing amounts of glucose, but, even 
when grown in the presence of 2 per cent glucose, the 
cells still showed about 20 to 30 per cent of the deami- 
nase activity obtained with cells grown in V-8 juice 
medium. The formation of H.S in the growth medium 
also was affected by the presence of glucose in the me- 
dium and was completely inhibited by addition of 2 per 
cent glucose. 

The effect of temperatures from 5.5 to 60 C was 
checked. The tubes containing the buffer substrate 
mixture were adjusted to the desired temperature before 
addition of the cells. Each tube contained 1.56 mg 
bacterial nitrogen. The results illustrated in figure 1 
show a difference in optimum temperature at the two 
pH levels, 46 C being optimum at pH 8.3, and 52 C 
optimum at pH 5.4. 

Determinations of optimum pH for deamination of 
amino acids by other species of bacteria apparently 
always have been carried out at the temperature con- 
sidered optimum for growth of the species used. In view 
of the results obtained from the temperature studies 
showing 37 C to be below optimum and the possible 
existence of two enzyme systems, one with optimum at 
46 C and one at 52 C, determinations of optimum pH 
were carried out at 37, 46, and 52 C. Typical results are 
illustrated in figure 2. The tubes at 37 C contained 1.91 
mg, and the tubes at 46 and 52 C contained 1.84 mg of 
bacterial nitrogen per tube. At 46 C, the optimum was 
approximately pH 8.3, and at 52 C approximately pH 
7.0, which is further evidence of the possibility of two 
enzyme systems, the two systems being about equally 
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Fig. 2. Effect of pH on deamination of pi-serine by Lacto 
bacillus casei strain 7 under aerobic conditions. 


TABLE 2. Effect of gassing with nitrogen and addition of cysteine, 
glutathione, and adenosine-5 phosphate on the deamination 
of pi-serine by Lactobacillus casei strain 7? 


NHsz Released per mg 
Bacterial Nitrogen* at 


Addition 

pH 5.4, pH 8.3, 

56 C 46C 

ag Kg 

None 37.0 86.6 
100 ug L-cysteine: HC] 40.0 90.2 
Nitrogen gas 19.0 96.6 
Nitrogen gas + L-cysteine-HCl 56.4 95.8 
50 wg reduced glutathione (GSH) 29.9 80.5 
50 ug adenosine-5-phosphate (AMP) 31.1 86.3 
GSH + AMP 28 .6 86.8 
Nitrogen gas + GSH 416.6 96.2 
Nitrogen gas + AMP 50.5 99.6 


* 1.83 mg bacterial nitrogen per tube. 


active against DL-serine at their optimum pH levels. 
At 37 C, the optimum was at pH 8.3, similar to the 
curve at 46 C, but a much lower level of activity was 
obtained. 
Anaerobic and reduced conditions were found to 
stimulate deamination of pL-serine, as shown in table 2. 
Anaerobic conditions were established by gassing with 
nitrogen for 1 min, and reduced conditions by addition 
of 100 wg of cysteine as L-cysteine: HC! dissolved in 0.1 
ml of distilled water and adjusted to pH of the buffer. 
Controls were treated in a similar manner. A combina- 
tion of gassing with nitrogen and addition of cysteine 
gave higher results than either procedure alone at pH 
5.4, but not at pH 8.3. Addition of 50 ug of reduced 
glutathione resulted in decreased deaminase activity 
at both pH levels, whereas addition of 50 ug of adeno- 


T. KRISTOFFERSEN AND F. E. NELSON 


VO...3 


TABLE 3. Effect of pasteurization on deamination of DL-sc ing 
by Lactobacillus casei strain 7 


NH» Released per mg Original 
Bacterial Nitrogen* at 


Addition pH 5.4, 52C pH 8.3, 46 C 


Pasteurized Un- 


Unpas- : P 
pasteurized 


teurized asteuri ved 


ug us ug b 
None 37.1 17.9 183.9 30.4 
Nitrogen + cysteine 81.3 102.5 200.0 179.0 


* 1.13 mg baeterial nitrogen per tube. 
sine-5-phosphate only reduced deaminase activity at 
pH 5.4. The effect of these two compounds was overcome 
under anaerobic conditions. 

Some strains of L. casei have been reported to survive 
heat treatments equal to pasteurization (Briggs, 1953h, 
and Edmondson and Jensen, 1954). For this reason, 
the effect of pasteurization on the ability of L. casei 
strain 7 to deaminate serine was studied. The culture 
Was grown under identical conditions in two lots of V-8 
juice medium. After incubation one of the cultures was 
neutralized to pH 6.7, heated to 61.8 C, and held at 
61.8 C for 30 min and then cooled. The other culture 
was cooled immediately in order to prevent any changes. 
Cells both harvested and 
washed as usual and tested for deaminase activity under 


from cultures were then 
aerobic and anaerobic-reduced conditions. The results 
in this particular study were calculated as ug NHsz re- 
leased per milligram of original bacterial nitrogen, as 
based on the bacterial nitrogen content in the tubes 
containing the unpasteurized cells. Both types of cells 
underwent the same harvesting and washing procedure 
and were suspended in the same amount of water, but 
determination of bacterial nitrogen showed that some 
of the proteinaceous material no longer was precipitated 
by centrifugation after neutralization and/or pasteuri- 
zation. The figures in table 3 show that the deaminase 
activity of the pasteurized cells was reduced about 50 
per cent when tested at pH 5.4 and about 80 per cent 
when tested at pH 8.3 under aerobic conditions. How- 
ever, when they were tested under anaerobic-reduced 
deaminase conditions no adverse effect of pasteurization 
was apparent. Under such conditions, the pasteurized 
cells showed greater ability to deaminate pL-serine than 
unpasteurized cells at pH 5.4. At pH 8.3, the amount of 
NH; released by the heated cells was approximately 
only 10 per cent less than that released by the unheated 
cells. 

Some variations in activity were noticed between 


different batches of cells when tested under similar 


conditions. It was thought that perhaps such differences 
could be due to slight variations in the physiological 
state of the culture at harvest time, as expressed by the 
final pH level. In order to investigate this aspect fur- 
ther, six flasks of medium were inoculated at intervals 
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pH OF CULTURE AT HARVEST 
Fig. 3. Effect of the physiological state of cells of Lacto- 
bacillus casei strain 7, as expressed by pH of the culture at 
harvest, on deamination of pL-serine under aerobic and an 
aerobic-reduced conditions. 


of about | hr and incubated at 32 C. When the oldest 
culture was 16 hr old, all the cultures were checked for 
pH level and the cells harvested and checked for deami- 
nase activity under aerobic and anaerobic-reduced con- 
ditions. The pH levels of the cultures, which were taken 
as indices of different physiological states, ranged from 
5.61 to 4.23, the latter pH being about normal for 
16-hr incubation. The results in figure 3 show that the 
ability of the cells to deaminate pL-serine under aerobic 
conditions increased both at pH 5.4 and 8.3 as the cul- 
ture grew older physiologically (decreasing pH level of 
the medium at harvest). Tested under anaerobic- 
reduced conditions, the deaminase activity of the cells 
decreased as the culture grew older physiologically, par- 
ticularly when it was tested at pH 8.3. However, the 
ability of the cells to release NH; was always higher 
under anaerobic-reduced test conditions than aerobic 
conditions at similar physiological states. 

The large amounts of NH; released per milligram of 
bacterial nitrogen at pH 8.3 under anaerobic-reduced 
conditions, with cells harvested at pH 5.61 and pH 5.18, 
were obtained with comparatively little bacterial nitro- 
gen per tube. Because it was considered important to 
avoid any difference in treatment and holding time of 
the different cultures during harvesting and washing, 
the same amount of medium was inoculated for each 
culture, although the same yield of cells at the different 
plT levels could not be expected. The bacterial nitrogen 
per tube ranged from 1.2 mg at pH 4.23 to 0.4 mg at pH 
5.61. The actual amount of NH; released by the cells 


TABLE 4. Deamination of pu-serine by Lactobacillus casei types 
isolated from Cheddar cheese 


NHa Released per mg Bacterial Nitrogen at 


Bacterial 


Isolates nitrogen pH 5.4, 52 C pH 8.3, 46 C 
per Tube 
Aerobic | “ReGuced | Aerobic | “Reduced, 
mg ug ug ug ug 

1-1" | 1.76 8.7 9.3 70.3 82.8 
| 18 29.7 35.5 32.4 36.6 
ES |. ress 7.6 6.7 1¢-8 13.1 
1-5 1.41 | 7.2 7.4 36.3 19.2 
2-1 css. | os 3.4 6.6 3.0 
Soi ae 26.8 53.6 148.2 
3-3 1.34 16.0 28.0 13.3 18.4 
7a | eo 3.8 9.5 20.1 27.7 
8-1 | 6.91 10.2 24.0 60.8 55.8 
8-2 1.34 3.4 10.7 73.6 | 92.5 
9-1 | 1.27 5.8 12.2 12.6 21.4 
9-2 1.27 18.7 34.9 | 25.7 37.4 
10-4 1.06 | 12.4 10.0 6.6 5.0 
10-5 1.06 2.7 26.3 95.4 146.0 
11-7 0.92 ~$.5 7.8 16.7 152.5 
12-1 1.41 6.3 12.3 12.2 19.4 
13-1 1.63 1.9 10.8 20.2 25.2 
14-3 1.34 39.8 46.7 92.3 111.8 
14-4 1.41 ~§,1 0.0 10.2 11.8 


* The first portion of the number indicates the cheese from 
which the isolate was made. 


harvested at pH 4.23 was higher than that released by 
cells harvested at pH 5.61, but after conversion to the 
cell nitrogen basis the results were reversed. Because of 
this rather large difference in the amount of cells per 
tube, an error may have been introduced in the relative 
level of deaminase activity. However, the results of 
deamination at pH 8.3 under aerobic conditions and at 
pH 5.4 under both aerobic and anaerobic conditions did 
not indicate an increase in NH; released per milligram 
of bacterial nitrogen with the lower cell content per 
tube. The difference in the stimulatory effect of anaer- 
obic-reduced conditions over aerobic at the different 
physiological states was unquestionable, since the tubes 
representing a given pH level all contained the same 
amount of cells. 

The considerable differences in deaminase activity 
at both pH 8.3 and 5.4 between cells harvested at pH 
4.23 and 4.32 probably explain the differences encoun- 
tered between some batches of cells, all treated alike 
except for a slight difference of less than 0.1 of a unit in 
pH level at harvest time. 

Isolations of bacteria identified as types of L. caset 
were made from a number of samples of Cheddar cheese 
and the isolates checked for serine deaminase activity. 
Table 4 shows that the levels of activity varied with the 
type. Some were similar to L. casei strain 7, some 
showed comparatively less activity in the alkaline 
range, and some showed hardly any activity in either 
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the alkaline or acid range. Anaerobic-reduced conditions 
generally stimulated release of NH3. 


DIscUSSION 

Because Lactobacillus casei is microaerophilic, it was 
anticipated at the outset of the experiment that prob- 
ably only such amino acids as serine; cysteine, and 
threonine would be attacked. These amino acids can be 
deaminated nonoxidatively, while the others require an 
oxidative pathway. Wood and Gunsalus (1949) working 
with partly purified enzymes of Escherichia coli postu- 
lated that the same enzyme was involved in the deami- 
nation of both serine and threonine. However, threo- 
nine was not deaminated to any extent by L. casei strain 
7. The reason could be that the keto acid resulting from 
deamination probably should not be more than a 3-car- 
bon keto acid to be further metabolized by L. caset, a 
requirement met only by serine and cysteine. The NH; 
released from asparagine probably was from the amid 
group. This reaction is also nonoxidative. 

Optimum pH level for bacterial deaminases has so 
far been considered to be about pH 8, with the exception 
of the cysteine desulfarase of EF. coli which has an 
optimum pH of 6.4, as shown by Desnuelle and Fro- 
mageot (1939). The idea in this study of checking 
possible deaminase activity of L. casei at both pH 8.3 
and 5.4 was meant to be only a youtine comparison of 
deaminase activity at the respective pH levels. As it 
turned out, this led to the discovery ef the possible 
existence of two serine deaminases in L. casei strain 7, 
one with maximum activity at pH 8.3 at 46 C and the 
other at pH 7 at 52 C, both showing about the same 
level of maximum activity. The possibility exists that 
the results of the pH study were a manifestation of the 
same enzyme, with the balance between action and 
inactivation merely shifted by the temperature. The 
pH study was the only one in which the reactions of 
both enzyme systems were carried out at optimum pH. 
In the other studies, the reactions of the enzyme with 
an optimum at pH 7 were carried out at pH 5.4. How- 
ever, if only one enzyme system was involved, it could 
be expected that the ratios of NH; released at pH 8.3 
at 46 C to NH; released at pH 5.4 at 52 C would remain 
constant under all conditions. This was not the case, as 
best illustrated in figure 3. A sizable decrease in the ratio 
of the activity of the enzyme reacting in the alkaline 
range to the one reacting in the acid range with increas- 
ing physiological age is evident under both aerobic and 
anaerobic-reduced deamination conditions. Figure 3 
also illustrates the comparatively greater response of 
the enzyme system at pH 5.4 at 52 C to anaerobic- 
reduced conditions. These results lend some support to 
the possible existence of two separate serine deaminases, 
but probably work with purified enzyme systems will 
have to be carried out before a final decision can be 
made. 


The optimum temperatures for deamination of ser ne 
were found to be above the optimum temperature ‘or 
growth, a fact which could account for the failure of 
other investigators to find much deaminase activity vy 
L. casei. However, a difference in activity was also noi ed 
between the strains from which L. case7z strain 7 \.as 
selected and between the isolates from Cheddar checse 
with some strains not showing any activity at all uncer 
conditions favorable for strain 7. Anaerobic-reduced 
conditions were particularly stimulatory for cells which 
had been pasteurized or were still in the logarithmic 
phase of growth. This could indicate that oxygen is par- 
ticularly harmful to the enzymes when the cells are 
injured or in a stage of growth in which the enzymes 
presumably are very active. 

The failure of L. casei to deaminate serine when the 
hydroxyl hydrogen is substituted with a phosphoric 
acid group may have some practical implication in the 
ripening of Cheddar cheese. The results'in this experi- 
ment establish serine as a possible source of energy for 
growth of L. casei in Cheddar cheese. However, a large 
part of the serine in casein is present as phosphoserine. 
Possibly the lack of “true” flavor of Cheddar cheese 
made from pasteurized milk could be due to the reduc- 
tion of the phosphatase activity of the milk, thus 
rendering less serine available for L. case?. This could 
alter the normal metabolism of L. casei and result in a 
change in flavor. 


SUMMARY 

Lactobacillus casei was found capable of releasing 
NH; from serine, cysteine, and asparagine. Phospho- 
serine was not deaminated. The presence of 2 per cent 
glucose in the growth medium greatly reduced the serine 
deaminase activity of the cells. Further studies on 
deamination of serine showed the possible presence of 
two enzyme systems, one with optimum at pH 8.3 and 
46 C and a second at pH 7 and 52 C. The serine deami- 
nase activity of the cells depended on their physiological! 
state and was stimulated by anaerobic-reduced deami- 
nation conditions. Such conditions also greatly stimu- 
lated cells which showed sharply reduced activity under 
aerobic deamination conditions after pasteurization. 
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In Part II of the current series (Stedman, Kravitz, 
and Bell, 19542), it was shown that surface porosity sig- 
nificantly affects the efficiencies of germicides used for 
the disinfection of surfaces. Concentrations of germi- 
cides required to disinfect such porous surfaces as battle- 
ship linoleum and asphalt tile are much stronger than 
those needed for such a nonporous surface as stainless 
steel. Also, significant differences in germicidal effi- 
ciency are observed on porous surfaces of dissimilar 
composition. In all instances, impractically high concen- 
trations of germicides are needed to achieve disinfection 
(in the definitive sense) of the above porous surfaces 
under standard conditions (10 min exposure at 20 C). 

These findings and other published studies show, 
therefore, that different use-dilutions of germicide may 
be required for surfaces of different composition (Klar- 
mann, Wright and Shternov, 1953; Flannery, Friedl, 
Ortenzio, and Stuart, 1953; Ortenzio, Brown, Friedl, 
and Stuart, 1954; Ortenzio, Caswell, Friedl, and Stuart, 
1954). Of course, the use of a multiplicity of use-dilu- 
tions is an impractical approach, especially with disin- 
fectants utilized by the military organizations. Instruc- 
tions for the use of such products should be kept as 
simple as possible. 

The major portion of the present investigation was 


1 The opinions expressed herein are those of the authors and 
ire not necessarily similar to the views of the Department of 
the Navy. 

2 With the technical assistance of J. Reeves. 


devoted to a study of ‘certain phases of porous surface 
disinfection in relation to this problem of simplification. 
The objective of this study was to determine whether 
the use-dilution for nonporous surfaces could, in some 
way, be employed effectively for disinfecting porous 
types of surfaces. Accordingly, the following conditions 
were investigated on battleship linoleum, with the use- 
dilution effective on a nonporous surface: (a) the effect 
of long-exposure times on disinfecting efficiency; (b) a 
comparison of the efficiencies attained with one pro- 
longed application and two successive applications of 
germicide; and (c) the contribution, if any, of the use 
of a daily routine program of disinfection on the effi- 
ciency of subsequent disinfection. 

In addition to the above, data are presented in this 
report on the effect of daily waxing treatments on sub- 
sequent disinfection of porous surfaces. 


MATERIALS AND METHODS 
The performance test procedure previously described 
was used for obtaining antimicrobial data (Stedman, 
Kravitz, and Bell, 1954b, 1954c). Although all carriers 
were inoculated with the usual three test organisms, sur- 
vival data were determined only for Micrococcus pyo- 
genes var. aureus. All experiments were conducted at 
20 C in the presence of 10 per cent normal horse serum 

with test carriers of battleship linoleum. 
Studies on factors a, b, and c above were conducted 
as follows. Carriers of battleship linoleum, either un- 
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treated or pretreated as described below, were inocu- 
lated with the mixture of organisms and serum, and the 
mixture permitted to dry. Subsequently, all carriers 
were disinfected in the usual manner for 30 min; then, 
one-half the number of carriers was disinfected a second 
time, with the usual 0.04 ml of germicidal dilution, and 
this second application was permitted to act for another 
30 min. After this (60 min from the start of the experi- 
ment), the number of survivors on each carrier was 
determined, as previously described. Such experiments 
provided a composite picture of the over-all effect of 
prolonged exposure, as well as a comparison of the 
efficiencies of a single 60-min application and two suc- 
cessive 30-min applications of disinfectant (a and b 
above). 

This technique was also performed with carriers pre- 
treated in order to simulate a daily routine disinfecting 
procedure. This was accomplished by adding 0.04 ml 
of germicidal dilution to each clean, uninoculated carrier 
and permitting this to dry. Such applications were 
performed daily, and on the day following the last pre- 
treatment, the carriers were inoculated and disinfected 
in the same manner as described above. All carriers were 
pretreated three times before being used in the tests. 
These experiments provided data on the interrelation 
of a, b, and ¢ above. 

The effect of a daily waxing program on porous sur- 
face disinfection was determined by the performance 
test procedure with carriers which had been previously 
waxed. Again, the technique of waxing the surfaces 
simulated actual use conditions; the following method 
was employed. A water-emulsion, slip-resistant type 
floor wax* was added to the surfaces of large squares 
(12 x 12 in) of battleship linoleum (0.04 ml wax per sq 
in), and the linoleum was buffed with a Finnel Scrub- 
bing and Polishing Machine‘, Model No. 615AG, in 
a manner identical with that employed in actual floor 
buffing procedures. The waxed linoleum was then cut 
up into l-in squares and subjected to the antimicrobial 
tests. Carriers waxed once, twice, and eight times were 
prepared and tested in this manner. The exposure time 
in experiments on waxed carriers was 10 minutes. 

All commercial disinfectant products employed in this 
study have been described in previous reports (Sted- 
man, Kravitz, and Bell, 1954a, b, 1955). 


RESULTS 
Prolonged Exposure of Single and Double Disinfectant 
Applications on Untreated Linoleum 

Three phenolic products were compared, using the 
dilutions previously shown to be effective on a non- 

3 Wax, Floor, Water-Emulsion, Slip-Resistant, 12 per cent 
minimum solids, U.S. Navy Stock Item 52-W-467-26, Interim 
Federal Specification P-W-00151b(GSA-FSS) of 1 June, 1953. 

‘ The use of any commercial equipment or material in this 
work does not constitute an endorsement of the product by 
the Department of the Navy. 
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Fic. 1, Survival of Micrococcus pyogenes var. aureus on un 
treated battleship linoleum disinfected with Phenolic A (A 
and Phenolic C (C) with one 60-min application, or two sue 
cessive 30-min applications of germicide. 1:50 Phenolic A and 
1:125 Phenolic C were used. Survival curves during the first 
30-min exposure are identical for each disinfecting procedure. 
Solid lines between 30 and 60 min are single application; 
dashes are the second application added at 30 min. 





porous surface: phenolics A, B, and C. Figure 1 illus- 
trates representative data obtained with Phenolics A 
and C. Phenolic B gave results similar to Phenolic C 
and is not shown. 

When a single 60-min application of germicide is em- 
ployed, the survival curves obtained with both formu- 
lations show a tendency to be asymptotic. Even after 
60-min exposure, a significant number of survivors can 
be recovered in all cases. Phenolic A is superior to 
Phenolic C in over-all disinfectant efficiency. 

When two successive 30-min applications are used, a 
distinct difference in the responses of the two formula- 
tions is observed. In the case of Phenolic A, the rate of 
kill is accelerated after the addition of the second appli- 
cation; ultimately, however, the rate slows down, and 
the survival curve becomes parallel to that obtained 
with the single application. Phenolic C does not show 
an accelerated rate of kill after the second treatment. 

The highest percentage reduction obtained is 99.5 
after a total exposure of 60 min to two successive appli- 
cations of Phenolic A. 


Prolonged Exposure of Single and Double Disinfectant 
Applications on Pretreated Linoleum 


The pattern of antibacterial activities described 


above is altered significantly by using carriers pretreated 
to simulate a routine disinfecting procedure. Figure 2 
shows representative data obtained with Phenolies A 
and C; again, Phenolics B and C gave relatively similar 
patterns, and data are presented only for Phenolic C. 
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Fic. 2. Survival of Micrococcus pyogenes var. aureus on pre- 
treated battleship linoleum disinfected with Phenolie A (A) 
and Phenolic C (C) using one 60-min application or two suc- 
cessive 30-min applications of germicide. Survival curves dur- 
ing the first 30-min exposure are identical for each disinfecting 
procedure. Solid lines between 30 and 60 min are single appli- 
cation; dashes are the second application added at 30 min. 
1:50 Phenolic A and 1:125 Phenolic C were used. 


Regardless of the number of applications of germicide 
used, pretreatment of the surface results in higher dis- 
infectant efficiency (figures 1, 2). The superiority 
appears to arise mainly from a more rapid reduction of 
organisms during the initial phase of the exposure 
period. The patterns of kill with single and double 
applications are similar for both formulations on the 
pretreated surface. When double applications are used, 
both formulations show an accelerated rate of kill after 
the addition of the second application; this is in contrast 
to the above findings on untreated surface. 

Phenolic A achieved the 99.99 per cent reduction 
(the limit of detection by the test method) in 60 min 
with a single application and in 40 min with two succes- 
sive applications of germicide. Phenolic C was less 
efficient, giving a maximum reduction of 99.90 per cent 
after 60-min exposure to a double application. 

Because the carriers were pretreated, it is not unex- 
pected that higher over-all efficiencies were obtained 
under such conditions. Disinfectant residuals from the 
pretreatment were present, and they contributed to the 
observed superiority; this was shown in tests in which 
pretreated squares were inoculated and subsequently 
treated with distilled water instead of disinfectant. The 
percentages reduction obtained for Phenolics A and C 
after 10-min exposure to distilled water were 96.9 and 
54.1, respectively. Thus, a considerable contribution to 
ihe observed kill is provided by the residual remaining 
after pretreatment. 
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TABLE 1. The effect of waxing on disinfectant efficiency against 
Micrococcus pyogenes var. aureus on battleship linoleum 


Reduction* 


Product Dilution | one 
| | Unwaxed linoleum | Waxed linoleum 
Phenolie A 1:10 99.99 | 99.99 
1:25 | 99.3 99.6 
1:50 | 86.5 91.2 
Phenolic B 1:10 | 99.90 99.90 
1:25 88.5 | 93.7 
1:50 | 49.4 | 76.0 


* 10-min exposure at 20 C in the presence of 10 per cent 
normal horse serum; surfaces waxed on two successive days 
before being subjected to antibacterial tests. 


Effect of Daily Waxing Treatment on Subsequent 
Disinfection of Linoleum 


The pattern of disinfectant efficiencies obtained on 
waxed linoleum is not strikingly different from that ob- 
served on the unwaxed surface. Table 1 shows the 
findings obtained with two phenolic formulations with 
a 10-minexposure period. A slight tendency for increased 
bactericidal activity is apparent on the waxed surface. 
Experiments on linoleum waxed once, twice, and eight 
times gave essentially similar findings. 


DISCUSSION 


The above data show that disinfection, in the defini- 
tive sense, can be achieved on battleship linoleum, and 
possibly other porous surfaces, by the proper use of 
certain phenolic disinfectants in dilutions effective on a 
nonporous surface. Apparently, the prime factor deter- 
mining the attainment of disinfection is the specific 
nature of the formulation. The observed differences in 
antimicrobial activities of the formulations are un- 
doubtedly a reflection of the physicochemical properties 
of the products, as previously noted (Ortenzio et al., 
1954; Stedman et al., 1955). It is of interest that the 
formulation giving the highest efficiency in the above 
work, Phenolic A, has been shown to possess relatively 
superior properties of surface-tension depression, 
spreading-wetting, and detergency (Stedman et al., 
1955). 

The above results give graphic evidence of the im- 
portance of a routine practice of applying disinfectants 
on surfaces which are frequently contaminated, for ex- 
ample, floors, walls, tables, and other surfaces in wards, 
sickrooms, dispensaries, and so on. Regardless of the 
specific physicochemical properties of the formulation 
used, a higher efficiency of disinfection is to be expected 
on surfaces subjected to such routine treatment. 

The survival curves obtained in this work tend to be 
asymptotic. Perhaps this indicates that most of the 
organisms occur in positions easily accessible to the 
disinfectants and are killed during the initial phase of 
the exposure period; the slower rate of kill during the 
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last portion of the exposure period may be a reflection 
of the loss of activity by dilution as the germicide pene- 
trates the soil-packed crevices and pores of the surface. 

The findings on the effect of waxing porous surfaces 
on subsequent disinfection were unexpected. It was 
anticipated that the wax would fill in the pores of the 
surface and present a smooth outer layer which would 
react like a nonporous surface in the antibacterial tests. 
Microscopic examination of the surface of waxed lino- 
leum provided an explanation for this anomaly: waxed 
surfaces do not show a smooth outer layer but exhibit 
many long deep scratches and a myriad of pitted areas. 
Probably, the buffing of the wax is responsible for the 
scratches. The pitting may be a reflection of physical 
changes in the wax which occur with evaporation of the 
solvent. 

In no instance was an indication of a chemical reac- 
tion between the linoleum surface and any of the disin- 
fectants observed in our experiments. The observed 
results are considered a valid expression of biological 
changes which are due solely to the physicochemical 
and antimicrobial activities of the germicides. 
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SUMMARY 


Studies on certain factors of importance in practical 
disinfection were performed. 

Because previous findings had indicated the difficul- 
ties of disinfecting porous surfaces, further effort was 
devoted to studying this problem. It was found that the 
over-all efficiency of disinfection obtained on a porous 
linoleum surface under various conditions is a function 
of the particular germicidal formulation employed. 
Regardless of the disinfecting procedure used, a phe- 
nolic product previously found to possess outstanding 
physicochemical properties gave the highest efficiency. 


) 


In all instances, long exposure times are necess. ry 
to reduce significantly the microbial populations on he 
porous surfaces. In some cases, two successive, 30-1 in 
applications of disinfectant are more effective thai a 
single 60-min exposure. 

A daily routine practice of disinfecting porous sir- 
faces increases the efficiency of subsequent disinfection, 
This is apparently due to a residual disinfectant activity 
remaining from the routine treatment. 

The practice of waxing surfaces daily does not alier 
markedly the pattern of disinfectant efficiency obtained 
on the unwaxed porous surface. Reasons for this obser- 
vation are discussed. 


REFERENCES 

FLANNERY, W.L., Friepu, J. L., ORTENzIO, L. F., aNp Stuart, 
L. S. 1953 Pre-cleaning inanimate surfaces by swab- 
washing as related to the efficiency of disinfectant proc 
esses, pp. 92-98. Chem. Specialties Mfrs. Assn. Proe., 40th 
Annual Meeting. 

OrRTENZIO, L. F., BRown, C. R., FrRiepi 
L.S. 1954 


germicides 


, J. L., aND Stuart, 

Some observations on the janitorial use of 

Chem. Specialties Mfrs. Assn. Proe., 4lst 
Annual Meeting. In press. 

OrtTENZzIO, L. F., CASWELL, R. L., Friepi, J. L., anp Stuart, 
L.S. 1954 Detergent residues and their subsequent ef 
fect on disinfecting processes, pp. 82-84. Chem. Special 
ties Mfrs. Assn. Proc., 40th Midyear Meeting. 

Srepman, R. U., Kravitz, E., anp Bett, H. 1954a_ Studies 
on the efficiencies of disinfectants for use on inanimate 


objects; Relative activities on porous surfaces. Appl. 
Microbiol., 2, 322-325. 
SrepMaN, R. L., Kravitz, E., anp Bett, H. 1954b Studies 


on the efficiencies of disinfectants for use on inanimate 
objects; Relative activities on a stainless steel surface us- 
ing a new performance test method. Appl. Microbiol., 2, 
119-124. 

STEDMAN, R. L., Kravitz, E., anp Bett, H. 1954e Method 
ological studies on the Square-Diluent Method for testing 
disinfectants. Soap Chem. Specialties, 30(11), 132, 133, 
137, 139, 152. 

STEDMAN, R. L., Kravitz, E., aNp Bett, H. 1955 Studies 
on the efficiencies of disinfectants for use on inanimate ob 
jects; Physicochemical factors affecting surface disinfee 
tion. Appl. Mierobiol., 3, 71-74. 





2 
: 


Th 
came 
proce 
into 
The : 
fresh 
matt 
with 
nism 
studi 
deta 
(Gol 
1952 
Com 
1955 

ty 
of t 
Twe 
one 
and 

W 
tem 
fron 
uct 
fina 
hot 
pro 
wea 
pail 

h 

(Ce 

nia 

Uli¢ 

to 

thr 
an 
an 
the 
thi 

| 
the 


al 


Ai 
fac 





sais Aca 


3 
ry 
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ir Research Division, Armour and Company, Chicago, Illinois 
On, 
bn Received for publication April 13, 1955 
bis The need for an antimicrobial penetrant-sealer be- as the work proceeded that in penetrant-sealers we had 
ail came evident as the problem of flaking paint in food a weapon which prevents many forms of microbial 
si: processing plants was explored. Flaking paint can fall growth. 
into product, a situation which cannot be tolerated. Penetrant-sealers were formulated for application 
The standards, set by the packing industry, for purity, on both masonry and wooden surfaces. The characteris- 
' freshness, and attractiveness preclude any foreign tics required for penetration and surface covering varied 
ae matter in product. Flaking paint as a problem has been with the materials tested. The masonry surfaces in- 
ab. with us since paint was first used. The many mecha- cluded cement, plaster, and brick used in building 
0c nisms involved in flaking of paint have been carefully construction, whereas the wooden surfaces included not 
Oth studied. These mechanisms have been explained in only those in building construction, such as walls, ceil- 
“— detail, with accurate photographic records provided ings, cabinets and so on, but also those in the construc- 
of (Goll and Coffey, 1948; Goll and Hyde, 1952; Goll et al., tion of transportation facilities, both refrigerated trucks 
Ist 1952a, b; Eckhaus ef a/., 1953; York Research Corp. of and refrigerated railroad cars. Several kinds of woods 
Connecticut, 1952; Hunt, 1953; Buckman Laboratories, are used. Each wood reacts to fungal attack differently 
seg 1955; and Fisher, 1952). (Vicklund and Manowitz, 1949a, b); however, in our 
. The problem was first confronted in the southern part experience with penetrants and sealers containing 0.1 
of the country under hot, moist summer conditions. per cent copper-8-quinolinolate, all woods were pro- 
lies Two causes of this flaking paint soon became evident; tected. 
ate one was ordinary wear as a result of processing methods, The methods of applying penetrants and the concen- 
Pl. | and the other was mold growth. tration of antimycotic required for fungal protection 
a Wear results from such extreme daily variations in for new wooden and masonry surfaces are entirely 
wre temperature and humidity as occur in processing rooms, different from those required for these same surfaces 
us- from the inevitable contact of minute particles of prod- after they have been in use. The daily contact of the 
2, uct (proteins and fats) with wall surface coverings, and, surfaces with particles of meat and the effect of clean-up 
id finally, from the use of cold water, st rong detergents, increased the difficulty of formulating adequate 
ia hot water, and an, 9m required by strict amy penetrant-sealers. Many of these surfaces have to be 
33 procedures in daily clean-up following processing. This treated while wet to keep in order in step with produe- 


wear accounts for a sizable proportion of the flaking 


, ; tion. Cooler walls, ceilings, and floors are examples in 
1es paint. 


building surfaces. The wet floors of refrigerated trucks 
and railroad cars after clean-up are examples in trans- 
portation facilities. 


Mold growth causes the largest amount of flaking 
(Goll et al., 1952a, b), a fact which usually is not recog- 


nized. Mold removes the paint by growing on the wall aa : : a : 
Che paint companies cooperating in this work de- 


underneath the paint, by growing on the paint side next ; 
signed the formulas for meeting the problems encoun- 


to the wall and then forcing the paint off, by growing 


through the paint and thus getting between the paint tered in the various materials treated and also made 
and wall and then again forcing the surface covering off, necessary changes in order to secure compatibility with 
and finally by growing on the paint and actually using the fungicide. 
the oils, minerals, and pigments in fungus metabolism, One aim of the experiments reported in this paper 
thus destroying the paint entirely (Hatfield, 1954). was the development of laboratory and patch tests 
In order to combat the problem of flaking paint in which would serve as a basis for selecting suitable 
| the meat-packing industry, we undertook to develop penetrant-sealers for the field scale evaluation. Results 
| and evaluate suitable antimycotie penetrant-sealers. from laboratory scale evaluation were compared with 
An antifungal penetrant-sealer may be defined as a sur- results from the patch panel tests, and the most promis- 
face coating that prevents fungal growth, impregnates ing candidates were subjected to field trial by treatment 
the material treated, and leaves no residual film which of refrigerated trucks and railroad cars and treatment 
' can be removed by ordinary wear. It became evident of surfaces in processing establishments. 
277 
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TABLE 1. Medium for antimicrobial tests 


Materials 


NH NO, 
KH.PO,; 
MgS0O,-7H,O 
KCl 
FeSO,-7H.O 
Dextrose 
Agar 

Water to 1 L 


Amounts 


1.0 
0.5 
0.5 


10.0 
20.0 


TABLE 2. Antifungal test organisms 


Aspergillus terreus 
Trichoderma sp. 
Aspergillus niger 
Aspergillus oryzae 


PQMD 82 j 
USDA T-1 
SN 11] 
PQMD 22 b 








Fic. la. Control paint before addition 


of fungicide 


[VoL, 3 


TABLE 3. Method of establishing laboratory rating 


names —— Rating Evaluation for Use R - 8 
16-1 in |None ++ Excellent, recom- 
mended 
14-16 in |None 3+ Good, recommended 2 
0-'4 in |None 2+ Fair 3 
None None 1+ Doubtful { 
None ‘Slight 1- Poor, not reeommended ) 
None Moderate | 2— Poor, not recommended 6 
None (Heavy 3- Poor, not recommended 7 
i a H H 
| | | | 
aN ,_\X 
i -_ np ee C—H 
7 ™ \ / 
C==C ° cC==C 
fh \” ~F * 
ff ‘“N 
“\ N ‘\ f 
\_ c——c¢ 
1 | 1 | 
H H H H 


Fic. 2. Structure of copper-8-quinolinolate; mol wt, 351.83 


TABLE 4. Patch panel evaluation scale 


Months | 
Free from 
Growth on Panel ——. Rating Evaluation for Use mms 
than 
Control | 
None | a2 | a+ Exeellent, recom-| 1 
mended 
None 9 3+ | Good 2 
None 6 | 2+ | Fair 3 
None 3 1+ | Doubtful 4 
Slight growth up to 
'g area of panel...) <3 1— | Poor, not reecom-) 5 
mended 
Moderate growth 14 
area of panel <3 | 2— | Poor, not recom- | 6 
mended 
Heavy growth..... .| <3 | 3— | Poor, not recom- | 7 
mended 


MATERIALS AND MetTHops 
Laboratory Tests 


The antifungal effectiveness of penetrant-sealers was 
determined by laboratory screening tests which were 
followed by paint patch panel tests in the processing 
rooms of the plants and branch houses. The result of the 
patch panel tests was the deciding factor on whether 
the material would be used under plant conditions. 

The microorganisms commonly associated with flak- 
ing paint are usually classified as Fungi imperfecti of 
the order Moniliales. Some of these microorganisms 
are Pullularia pullulans, Cladosporium herbarum, A sper- 
gillus niger, Trichoderma lignarium, Monilia sitophilia, 
Leptographium scopidaria, Monosporium, and some un- 
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TaBLe 5. Laboratory evaluation of penetrants 


Evaluation of Laboratory 


Description of Penetrant* Material an. Decorative Tests} on Days 
; 5th 20th 60th 
l 1% Cunilate 2174 in deodorized mineral spirits Masonry Dry No $+ $+ 4+ 
or wood 
2 1% emulsified Cunilate 2419 Masonry Wet No $+- $+ 4+ 
or wood 
3 Clear isopropy! alcohol with 10% Cunilate Masonry Wet or dry, No 4+ 3+ 
or wood 
{ Damp surface clear enamel, 10% or 12.8 oz. Cunilate per gal.) Masonry Wet Fair 3+ 3+ 
or wood 
5 Penetrating mildew-resistant finish CVK-X-68417 Masonry Dry Good, $+ 3+ 3+ 
clear 
6 Mildew-resistant clear penetrating sealer F-509T Masonry Dry Good, 3+ 3+ 3+ 
clear 
Z Mildew-resistant sealer, light green isopropyl! alcohol 5175) Masonry Wet Good, 4. $+ 3+ 
pigmented 
S Mildew-resistant sealer, green-gray Masonry Dry , Good, $+ 4+ 3+ 
pigmented 
9 Plexcrete coating, polyvinyl acetate, 10% Cunilate 12.5) Masonry Dry Good, $+ $+- $+ 
o2/gal pigmented 
10 Wood preservative, 10% Cunilate, 12.5 oz/gal Wood | Dry Fair, ¢-. 2-4 
clear 
11 Odorless waterproofing silicone Wood | Dry Good, qt 3+ 
| clear 
12 Preservative wood sealer, Cunilate phenolic varnish, wood) Wood Dry Fair, $+ 4+ 4+ 
clear, 21 0z/gal (panel 1) clear 
13 Preservative water-repellent noncooler type, penta-ester| Wood | Dry Fair, 3+ 3+ 3+ 
green Cunilate, 21 oz/gal (panel 38) clear 
14 Wood-preservative sealer water-repellent cooler type dam-| Wood Dry Fair, $+ 4+ 4+ 
mar Cunilate, 21 0z/gal (panel 39) clear 
15 Refrigerator truck or railroad car varnish VAR 8188, Cuni-| Wood | Dry Good, 3+ 3+ 3+ 
late 12.8 oz/gal | | clear 
16 Refrigerator truck and railroad car varnish, 12 0z/gal) Wood | Dry Good, 3+ 3+ 3+ 
Cunilate clear 
17 Refrigerator truck and railroad car varnish 2006 (C-118) | Wood | Dry Good, 4+ 4+ 4+ 
Wye | clear 
18 Refrigerated truck varnish, break test Wood | Dry | Good, 
| clear 
2 oz Cunilate/gal | 2 3— 3— 
$ oz Cunilate/gal | 2- 2- 
6 oz Cunilate/gal | | 1— 2- 
8 oz Cunilate/gal | | | - 1-— 2- 
10 oz Cunilate/gal | | | 2— Z2— 2- 
12 oz Cunilate/gal | 1— 1— 1— 
19 | Alkyd resin | Wood | Dry Fair, 1+ — 2 
clear 
20 Interior emulsion paint, control, no fungicide Wood or Dry Good 2— 2- 3— 
masonry 
21 Interior emulsion primer and sealer, no fungicide, control) Wood or | Dry Good 4+ 4+ 4+ 
masonry | 
22 Mold-resistant interior emulsion paint, Cunilate Wood or Dry | Good 4+ 4+ 4+ 
masonry | 
23 Mold-resistant interior emulsion primer and_ sealer, Masonry Dry | Good 4+ 4+ 3+ 
Cunilate and wood 
24 Clear wood preservative, no Cunilate, control Wood Dry Fair 3-— 3- 3- 
25 Clear wood preservative, 12 0z/gal, Cunilate Wood Dry Fair 3+ 2+ 2+ 
26 Clear rubber solution, Cunilate Wood Dry Fair 2+ 2- 2- 


* Penetrant formulations were furnished by American-Marietta Co., Black Diamond Paint & Varnish Co., Carbit Paint Co., 
Du Pont, Pacifie Paint & Varnish Co., Patterson-Sargent Co., Scientific Oil Compounding Co., and Valentine Varnish Co. 
+ The basis for the evaluation is described in table 3. 














ne . Sie 
Fic. 3. One per cent Cunilate in deodorized mineral spirits 
(no. 1, table 5, used on masonry or wood). 





Fic. 4. One per cent emulsified Cunilate 2419 (no. 2, table 
5, used on masonry or wood). 


identified Aspergilli and Penicillia. For the laboratory 
tests, microorganisms listed in table 4 were chosen as 
representative of molds that attack surface coverings. 
Modification of the Vicklund and Manowitz test 
(1949a, b) for fungicides in paint was used. Because this 
has been described in greater detail in earlier articles 
(Richardson et al., 1952), only a brief resumé will be 
given. 

A 9-cm. soft filter paper disk was dipped into the 
material to be tested, allowed to dry, placed on mineral 
salts agar (table 1) in a 4.5 by 4.5 in plastie dish,! 
inoculated with four molds that attack surface cover- 
ings (table 2) with a De Vilbiss atomizer, and then 

1 Tristate Plastic Moulding Company, Henderson, Ken- 
tucky. 
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Fia. 5. Clear mildew-resistant coating, 1 per cent Cunilate 
2174 in isopropyl aleohol (no. 3, table 5, used on masonry or 
wood). 


incubated at 30 C for 5 days, then at 25 C for 55 days. 
Evaluations were made on the 5th, 20th, and 60th days. 

Photographic records were made on the 5th and 60th 
days. Figures 1 and la are examples of photographic 
records which were made at the 60th day of incubation 
of a standard Cunilate paint and a control paint which 
contained no fungicide. The photographic records have 
been as useful as direct observations on the plastic 
dishes for the evaluation of the work. The ease with 
which the zone of inhibition can be estimated from 
these permanent records is apparent in figure 1. 

The method of evaluating a fungicide according to 
the laboratory test appears in table 3. Copper-8-quino- 
linolate was the only fungicide employed in this work. 
Its structure (figure 2) and suggested mechanism of 
interference with microbial metabolism were worked 
out in detail by Benignus (1948) and Albert (1951). In 
our studies, we tried to maintain the standard shown 
by no. 1 and no. 2 evaluations in table 3 for selecting 
materials for plant scale trial. This gave us the necessary 
margin of antifungal safety required for transfer of a 
new procedure from laboratory to plant. It is possible, 
however, that evaluations no. 3 and no. 4 would be 
satisfactory in plant use. The laboratory standards may 
be too severe. Formulations having no. 5, no. 6, and 
no. 7 evaluations, and being only weakly fungistatic, 
were not considered worth investigating further. 

A patch panel test was employed as a second means 
of selection of fungicidal materials for trial on a factory 
scale. Patch panels were placed in processing areas 
where mold was observed to be growing. The test for- 
mulations were applied to walls and ceilings in patches 
of about 24 sq ft (usually 6 x 4 ft). When possible, both 
masonry and wooden construction were utilized in 
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Fig. 6. (1) Clear, penetrating, mildew-resistant finish (no. 5, table 5). (2) Clear, penetrating sealer (no. 6, table 5). (3) 1 per cent 
emulsified Cunilate (no. 2, table 5). (4) Light green (isopropyl alcohol) (no. 3, table 5). 





ee. j 


Fic. 7. Left, mildew-resistant, sealer light green (isopropyl alcohol) (no. 7, table 5). Right, mildew-resistant sealer (pigmented) 


green-gray (no. 8, table 5). 








sioenoateae 


ae 


Fic. 8. Interior emulsion sealers. Left, interior emulsion paint (no. 20, table 5). Center left, interior emulsion sealer; no fungicide 


(no. 21, table 5). Center right, resistant interior emulsion paint (no. 


sealer (no. 23, table 5). 


evaluating a material, unless the preparation was spe- 
cifically designed for only one structural material. This 
accelerated test was carried out under more severe 
conditions than would actually be met in plant use, 


22, table 5). Right, mold-resistant interior emulsion primer and 
since the test areas were in plant areas not used for 
edible products and therefore not regularly cleaned and 
freed from mold, as is normally done in processing 
areas. 
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Fic. 9. Refrigerated truck or railroad car varnish (no. 15, 
table 5). 
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Table 4 shows the method of evaluating the patch 
panel test. This evaluation differed from the one used in 
laboratory tests, since in this case the pane] must re- 
main free from mold. 


RESULTS AND DISCUSSION 


The laboratory screening tests are summarized in 
table 5. The penetrants are listed according to the sur- 
face for which they were designed: (1) masonry or 
wooden surfaces (1 to 4 and 20 to 23); (2) masonry only 
(5 to 9); and (3) wooden surfaces only (10 to 19 and 
24 to 26). 









“ —_ ¢ 


4 oz, 6 oz, 8 oz, 10 oz, 12 oz Cunilate/gal. 


rc — 


7% 
— ae 
Oil Sg a Nigga tm ss ll i Ra. 


Fic. 10b. Same varnish made compatible with Cunilate (no. 


17, table 5). 





ithe est 





bs : 


Fie. 11. Alkyd resin penetrant (no. 19, table 5) 


Fic. 10a. Break test on Cunilate varnish not entirely compatible with Cunilate (no. 18, table 5). 








Reading left to right: 2 oz, 


« 


The purpose for which a penetrant was intended 
determined which formulation was used. The needs 
usually fell into three groups: first, an inexpensive 
antifungal penetrant only; second, an antifungal pene- 
trant and surface covering; and finally, an antifungal 
penetrant and surface covering which had attractive 
decorative and covering properties. 

The penetrant-sealers selected for use on transporta- 
tion facilities on the basis of laboratory test were nos. 
15, 16, and 17 (table 5). A comparison of test no. 18 in 
table 5 which showed poor antifungal properties in a 
refrigerated-truck varnish containing Cunilate? with 
test no. 17 demonstrates that a material incompatible 
with the fungicide (no. 18) can be modified by the 
manufacturer and thus become compatible, with an 
excellent rating. 

Photographic records, taken on the 60th day, of the 
laboratory evaluations in table 5 are shown in figures 
3 to 12. The results of the patch panel evaluations are 
given in table 6. 

In the method used for the evaluations, the length of 
time the panel was free from mold corresponded well 
with the width of the zone of inhibition observed in the 
laboratory test. The no. 1 rating of table 4 was the 
standard for comparison. 

The result of the patch panel tests determined 
whether a material would be used in the plant or branch 
house. The penetrant-sealers that have proved most 

2 Cunilate is the trademark for solubilized copper-8-quino 
linolate with naphtha as thinner. It is manufactured by Sci 
entific Oil Compounding Co., Chicago, Illinois. 
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n Fic. 12. Upper left, no fungicide; damp surface enamel clear. Upper right, control, clear wood preservative (no. 24, table 5). 
Lower left, damp surface enamel clear with Cunilate (no. 4, table 5). Lower right, clear wood preservative with Cunilate (no. 25, 
table 5). 


TABLE 6. Patch panel evaluations 





eC — — —. —$_______—_. _ —_—____—— ee — 
e Labora- 
Panel No. “ Description of Penetrant Surface Designed for Evaluation* 
] 12 Preservative wood sealer, 18 oz/gal, Cunilate in clear varnish Wood 4+ (3 yr) 
154 24 Clear wood preservative, control, no Cunilate Wood 3— (14 mo) 
155 25 Clear wood preservative, 12 oz/gal, Cunilate Wood 2— (14 mo) 
145 26 Clear rubber solution, Cunilate Wood 4+ (14 mo) 
27 5 Penetrating mildew-resistant finish, 12 oz/gal, Cunilate, clear Masonry 4+ (24 mo) 
144 6 Mildew-resistant clear penetrating sealer, 12 0z/gal Cunilate, clear | Masonry 4+ (14 mo) 
575 7 Mildew-resistant sealer, light green 5175 (isopropyl! alcohol), pig-,) Masonry 4+ (14 mo) 
mented ; (cooler only) 
143 8 Mildew-resistant sealer, gray-green, pigmented Masonry 4+ (14 mo) 
(cooler only) 
38 13 Water-repellent, non-cooler type, 12 0z/gal, Cunilate Masonry or wood 4+ (34 mo) 
39 14 Preservative sealer, water-repellent cooler type, 21 oz/gal,, Masonry or wood $+ (34 mo) 
Cunilate 
40 3 Clear isopropyl aleohol, Cunilate Masonry or wood 4+ (34 mo) 
149 20 Interior emulsion paint, control Masonry or wood + (14 mo) 
150 21 Interior emulsion primer and sealer, control Masonry or wood + (14 mo) 
151 22 Mold-resistant interior emulsion paint Masonry or wood + (14 mo) 
152 23 Mold-resistant emulsion primer and sealer Masonry or wood + (14 mo) 
2661 19 Alkyd resin, Cunilate Masonry or wood 4+ (34 mo) 


* Evaluation was made after the indicated exposure period. The basis for the evaluation is described in table 4. 


283 











Fic. 13. Preservative wood sealer 3 yr after application 
(no. 1, table 6). No mold growth apparent. 


valuable for use on masonry are the clear and pigmented 
materials of which nos. 27 and 144 in the clear materials 
and nos. 575 and 143 in the pigmented materials are 
examples. 

Photographic records of patch panels are shown in 
figures 13 to 18. 

Field Tests 

Experimental Procedure. The work was divided into 
treatment of refrigerated trucks and railroad cars and 
treatment of surfaces in processing establishments. It 
was agreed after a conference with representatives of 
the Meat Inspection Branch that 10 trucks would be 
treated after the daily clean-up, 5 with emulsified 
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Cunilate 2419 and 5 with Cunilate 2174 in deodcrizg| 
mineral spirits. The trucks were allowed to dry wer | & 
night. A coat of refrigerator car varnish was. the 
applied with a power sprayer. Neither application jf) 
fungicide affected the covering properties of the var. 
nish. 

Trucks were examined for mold and yeast growth by 
inspections with a 40X magnification Flash-O-Lens, 
Inspections were made weekly for the first month they 
twice a month until the sixth month. The presence ¢j 
bacterial growth was detected by odor, because bacteriy 
grow in crevices and cannot be detected visually in al| 
cases. 

Ten additional trucks were treated with Cunilate 
varnish. The only change in procedure was the drying 
of the trucks overnight after cleaning before application 
of Cunilate varnish. Inspections were carried on as be- 
fore, for six months. 

Ten railroad cars also were treated. Six of these were 
rebuilt cars. The new lumber was treated with Cunilate 
raw linseed oil and then with Cunilate varnish. Four 
cars were old cars with slight repairs. The patches of new 
wood were treated with Cunilate raw linseed oil, but 
only Cunilate varnish was used over 98 per cent of the 
area. Six of the cars were inspected at the 5th, 7th, 9th, 
and 12th month after treatment. 


RESULTS AND DISCUSSION 





The elimination of all visible mold and yeast growth 
and disagreeable odors from the 20 trucks was witnessed 
by representatives of our automotive division and re- 
search division and the Meat Inspection Branch pres 
(M.I.B.). Permission was then granted by M.1.B. to use 
Cunilate varnish in general practice in treatment of 
refrigerated trucks. Our automotive division adopted 
the Cunilate varnish treatment immediately. 
The work on the refrigerated railroad cars is incom- 
plete, but the results so far have agreed with the results 
obtained with trucks. 
oxperimental application of 
processing plants has been limited thus far. A clear 
Cunilate penetrant (panel no. 27, table 6) was applied 
to a processing room in a branch house in the southern 
part of the country where the climate is hot and humid 
most of the year. This clear penetrant prevented mold 
growth for two years, at which time the test was con- 
cluded. A pigmented sealer (no. 575 panel) also proved 
successful in another processing room, which was free 
from mold growth for over a year when the test was 
concluded. Both areas had to be freed from mold about 
once a month before treatment. 


penetrant-sealers in 


Routine repainting 
schedules in the future will include the use of penetrant- 7 


sealers. 


3. M. Pike and Co., Elizabeth, New Jersey. 
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ANTIMICROBIAL PENETRANT-SEALERS 


Fic. 14. Left, clear wood preservative control, with no fungicide 14 months after application (no. 154, table 6). Right, clear wood 
preservative with Cunilate 14 mo after application (no. 155, table 6). Mold growth present in both panels. 





Fic. 15. Panel 27, clear varnish 


24 mo after application. Panel 143, pigmented varnish 14 mo after application. Panel 144, clear 


varnish 14 mo after application. Panel 145, clear rubber solution 14 mo after application. 


No mold growth apparent in any tre: 


Antimicrobial treatment of transportation facilities 
is the last link in the control of microorganisms on sur- 
faces (walls and ceilings) in food-handling areas. Anti- 
inicrobial paints on walls and ceilings throughout the 


itment. Note mold development on untreated areas between panels. 


plant, from the killing floor, through chill coolers and 
processing areas, to the storage coolers, prevent these 


surfaces from harboring molds, yeasts, and bacteria 
which cause spoilage of product. 
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Fic. 16. Pigmented penetrant-sealers on masonry. 


Panel 575, light-green isopropyl alcohol mildew-resistant sealer 14 mo after application. No mold growth present. 
Panel 143, green-gray resistant-sealer 14 mo after application. No mold growth present. 
Panel 


1, ordinary paint, naturally mold-resistant 14 mo after application. Some mold growth present. 
Panel 2, same paint containing Cunilate 14 mo after application. No mold growth present. 

Panel 3, ordinary paint 14 mo after application. Mold growth present. 

Panel 4, same paint with Cunilate 14 mo after application. No mold growth present. 

















Fic. 17. Water-repellent sealers. Panel 38, noncooler type sealer with Cunilate 34 mo after application. No mold growth present. // 
Panel 39, cooler type sealer with Cunilate 34 mo after application. No mold growth present. 
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Fic. 17—Continued 





Fic. 18. Pane! 40, clear isopropyl alcohol with Cunilate 34 mo after application. No mold growth present 


SUMMARY 


A laboratory test and a patch panel test have been 
designed for evaluation of penetrant-sealers for pre- 
vention of growth of molds. Formulations selected on 
the basis of the above tests were evaluated in the field 
by treatment of refrigerated trucks and railroad cars 
and by treatment of surfaces in process establishments. 
Excellent correlation of results was observed among the 
laboratory evaluation patch tests and field results. 
Penetrant-sealers containing copper-8-quinolinolate 
have proved to be successful antimicrobial surface 
coverings for masonry and wooden surfaces which can- 
not be painted. Visible and hidden growths of micro- 
organisms have been prevented, and this has resulted 


in wholesome pleasant odors in transportation and 
processing facilities. 
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The Effect of Herbicides on Soil Microorganisms 


Ill. The Effect of Some Herbicides 
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The effects of chemical agents upon microorganisms 
have been extensively studied, and many experimental 
approaches have been used to gauge their action. Some 
workers have used manometric methods in the evalua- 
tion of the effect of certain germicides (Bronfenbrenner, 
Hershey, and Doubly, 1939, Ely, 1939, and Greig and 
Hoogerheide, 1941) while others have used the versa- 
tility of these methods in exploring the metabolic 
activities of the bacteria concerned 
fixation (Wilson and Burris, 1947). 

With the increasing use of chemical agents in agri- 


with nitrogen 


culture, an increasing interest has grown concerning 
the action of them upon the microflora of the soil. In 
one study of herbicides and this microflora, Gamble, 
Mayhew, and Chappell (1951) made use of a mano- 
metric approach. The following report is concerned 
with the effects of some herbicides upon the respiration 
of Azotobacter as gauged by the manometric method. 


MATERIALS AND METHODS 


The bacteria used were stock cultures of Azotobacter 
agile and Azotobacter vinelandii strain Original and a 
culture of Azotobacter chroococcum isolated from Mhoon 
type sugarcane soil. The cells were grown at 30 C on 
bottle slants of nitrogen-free medium (Fred and Waks- 
man, 1928). The cells were harvested by washing from 
the slants with 0.126 m phosphate buffer at pH 7.2, 
and the resulting suspensions were adiusted to a desired 
turbidity by use of the Klett-Summerson colorimeter. 


on the Respiration of Azotobacter 
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The oxygen uptake was determined in the Warburg 
respirometer, with 1 ml each of cell suspension and 
nitrogen-free medium in the main compartment, 0.1 ml 
of 20 per cent KOH in the center well, and 0.5 ml of 
the herbicide in the side-arm. The concentrations of 
the herbicides used are expressed on the basis of their 
final concentrations in the contents of the main flask. 
The herbicide was tipped into the main compartment 
after 1 hr of active respiration, and the measurement 
of oxygen uptake was continued for 2 hr after the addi- 
tion of the herbicides. 

The herbicides used in the study were: the triethanlo- 
amine salt of 2,4,5-trichlorophenoxyacetic acid (2,4, 
5-T); the triethanolamine salt, the polypropylene glycol 
butyl ether, and the isopropy] ester of 2 ,4-dichlorophen- 
oxyacetic acid (2,4-D); the sodium salt of trichloro- 
acetic acid (TCA); sodium chlorate (NaClO;); the 
sodium salt of 2,2-dichloropropionic acid (Dalapon); 
and dinitro-orthosecondarybutyl phenol (DNOSBP). 
The concentrations of the chemicals are expressed in 
terms of the acid rather than in terms of the derivatives 
used. 


RESULTS 


The results of the respiration studies are expressed 
by plotting the total oxygen uptake in microliters 
against the time in minutes. On each figure, the point 
at which the herbicide was added is indicated with the 
letter T, and the turbidity of the cell suspension used 

















1959) 


2000 


1500 





1000 


UPTAKE (pI) 


Oe 


50! 


FiG 
the re: 


is ind 
were | 
only 
Only 
prese 
test 
A 


respi 


TI 
by 1 
lack 
2 ,4- 
aml 
bilit 
flas! 
tox 
9-4 
tha 
the 





food 
pri] 
hods 
vel 
Nn Oj 
neer 


118. 


eri 





~ ie ~~ eo 
. —_s \ 


le 
); 
). 
n 
| | 


EFFECT OF HERBICIDES ON 


















1955) 
2000 K-S: 183 
ACTIVE 
1500 
— 
a 
W 1000 
* T 
7 
a 1 
= i] 
1 
i] 
oo : 
a 
1 
500 
a _»—o-——O 
ipl IST 
ENDOGENOUS 
0 se 
0 15 30 45 60 120 180 


MINUTES 
Fig. 1. The effect of the triethanolamine salt of 2,4-D upon 
the respiration of Azotobacter agile. 


is indicated by the designation K-S. Because the results 
were somewhat similar for each of the three organisms, 
only the figures for Azotobacter agile are given here. 
Only the graph of the results with the ester 2,4-D is 
presented, since it indicates the type of response of the 
test organisms to both it and the ether formulation. 

A summary of the effects of the herbicides on the 
respiration of the three species is presented in table 1. 


DISCUSSION 


The inhibition of oxygen uptake of the Azotobacter 
by the formulations of 2,4-D varied markedly. The 
lack of activity by the ester and ether formulations of 
2,4-D in comparison with that demonstrated by the 
amine salt is probably explained by the lack of solu- 
bility of the ester and ether in the menstruum of the 
flask. With the amine salt of 2,4,5-T, there was a more 
toxic reaction on the test organisms than when the 
2-chlorine hydrocarbon compound was used, a condition 
that holds, in general, with comparative field uses of 
these herbicides. 
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Fia. 2. The effect of the isopropy! ester formulation of 2,4-D 

upon the respiration of Azotobacter agile. 


The dinitro-orthosecondarybuty! phenol was not only 
the most toxic of the agents tested but it also presented 
technical difficulties because of its volatility. The 
graph of the results with this compound indicates that 
at the higher levels the DNOSBP reacted with the 
menstruum in such a fashion that gas was liberated. 
This is reflected by the lower curves of the graph. 

The chlorinated acetic acid (TCA) and the chlorinated 
propionic acid (Dalapon) differed in their inhibition of 
the respiration of the Azotobacter; A. agile was more 
sensitive to the Dalapon, and A. chroococcum was more 
sensitive to TCA. A. 
both agents than its companion species. 


vinelandii was less sensitive to 


There is a tendency in the field use of herbicides to- 
ward a combined application of these agents, and fre- 
quently there appears to be a desirable synergistic 
relation to their use. The test reported here with TCA 
and 2,4-D indicated that the mixture of herbicides 
produced somewhat more inhibition than would be 
expected if the effects were additive. However, the 
existence of a definite synergistic relation was not 
established. 
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Fic. 3. The effect of the triethanolamine salt of 2,4,5-T 
upon the respiration of Azotobacter agile. 
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Fic. 4. The effect of the sodium salt of trichloroacetic acid 
upon the respiration of Azotobacter agile. 


















































2000 i 
! 
K-S: 200 
11955] 
ae 
2000 
1500 ST TCA 
= sili 1500 
a 
uw 1000 T 
4 H 
: : : 
a. 4 
=> : = 
' w 1000 
‘ MIXTURE (ST OF EACH 
i] ' © ~ < xX 
o t " a 
500 i 
q oH 
' 2 
' 
' 
: 
: é 
' 50¢ 
P ‘ ENDOGENOUS 
0 15 30 45 60 120 180 
MINUTES 
Fic. 5. The effect of a mixture of sodium trichloroacetate 
and triethanolamine 2,4-D upon Azotobacter agile as compared 
with the effects of the two herbicides acting separately. 
2000 
K-S: 200 
Fic 
acid u 
Th 
be 
1500 ACTIVE ot = 
field 
It at m 
Al 
boas and 
~~ . 
_ soil, 
* are ( 
son 
w 1000 | 
x ther 
<x eT rela 
go 
a 
> T 
; 7 
Od ' 
oO : the 
ne 2500 the 
4 o_o —? ot t 
; oO eons 
ley 
: ENDOGENOUS 
r@) ‘ 
oOo I 30 45 60 120 180 
MINUTES 
Fia. 6. The effect of sodium chlorate upon the respiration 
of Azotobacter agile. 
290 








* EACH) 
—o 


— 
180 


etate 


vared 


< 
m 


es Ss 


a 
°o 
o 


2 
180 


on 





i 
| 
q 


































11955] EFFECT OF HERBICIDES ON SOIL MICROORGANISMS. III 291 
2000 1500 
K-S: 200 K-S: 200 
E + ENDOGENOUS activ 
ACTIVE 
1500 —!000 
= 500 
+ 
WJ 
< 
i ; 
~~ = ; IT 
500 : 
1000 ' 
x T é : 
c 
o i 1500 
> feeeegeaes 
ZZ 2T) 
8 ' BON ms 2500 
° ) E eee * 1 
500 ' SeiI5—630-04§ 60 © «150 180 
: MINUTES 2500(NO CELLS) 
; 3T(NO CELLS) 
ENDOGENOUS "500 
0 aE Fic. 8. The effect of dinitro-orthosecondarylbutyl phenol 





0 SS 30 4 180 


60 120 
MINUTES 


Fic. 7. The effect of the sodium salt of 2,2-dichloropropionic 
acid upon the respiration of Azotobacter agile. 


The inhibitory levels of NaClO ; were similar to those 
of 2,4,5-T in their toxicity to the Azotobacter; yet in 
field uses of these compounds the NaClO,; is applied 
at much higher levels. 

Although these studies were made with pure cultures 
and not under conditions which would be found in the 
soil, itis felt that those levels of these herbicides which 
are commonly used in the field are so small in compari- 
son with the levels found here to inhibit respiration, 
there is little danger in the use of the herbicides in 
relation to the Azotobacter. 
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SUMMARY 


Manometric methods served to demonstrate the 
levels of some representative herbicides which are 


upon the respiration of Azotobacter agile. 


TABLE 1. A summary of the minimum herbicide concentrations 
that produced the maximum inhibition of respiration 








Azotobacter 


Azotobacter Sy 


Herbicide Azotobacter 


agile vinelandii jcc 

ppm ppm ppm 
2,4-D amine 10,000 10,000 10,000 
2,4-D ether. . eens — <: 
PAPE) EO — — 
2,4,5-T...... 2,000 1 , 500-2 ,000 2,000 
io, re 15,000 | 15,000-20,000 3,000 
NaClo; 2,500 2,500 2,000 
Dalapon......... 7,000 | 5,000-10,000 | 7,000 
DNOSBP...... 1,500 | 


1,500 700 


required to inhibit the oxygen uptake of some members 
of the genus Azotobacter. 

No marked difference in susceptibility to the herbi- 
cides was found in the species tested. 

2,4,5-trichlorophenoxyacetic acid was more toxic 
than the 2 ,4-dichlorophenoxyacetic acid formulations. 

Dinitro-orthosecondarybutyl phenol and sodium 
chlorate were more toxie than trichloroacetic acid or 
2 ,2-dichloropropionie acid. 

The levels of any of the herbicides used in these 
respiration studies which proved toxic to the Azotobacter 
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are exceedingly higher than the levels used in field 
applications. 
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The insecticidal properties of gaseous ethylene oxide 
were noted by Cotton and Roark in 1928. Subsequent 
investigation by numerous workers revealed this com- 
pound to be an effective bactericidal agent. In a series 
of publications from the Chemical Corps Biological 
Laboratories (Camp Detrick, Md.), Phillips and Kaye 
(1949), Phillips (1949), Kaye (1949), and Kaye and 
Phillips (1949) reported on several facets of this subject. 
Wilson and Bruno (1950) successfully used liquid ethyl- 
ene for the sterilization of liquid culture media. Since 
these reports, liquid ethylene oxide has been employed 
in our laboratory for the sterilization of the following 
substances used as substrates in microbiological studies: 
a-conidendrin (Konetzka, Pelezar, and Gottleib, 1952), 
sodium -lignosulfonate (Day, Gottleib, and Pelezar, 
1952), lignin (Konetzka, 1952), and decalcified dentin 
(Konetzka, Burnett, and Pelezar, 1955). 

The study reported here was undertaken for the 
purpose of determining the practicability of using 
liquid ethylene oxide for the sterilization of the carbo- 
hydrates commonly employed in bacteriological fer- 
mentation tests. 


EXPERIMENTAL METHODS 
Procedure for Sterilization with Ethylene Oxide 

Preliminary trials with liquid ethylene oxide revealed 
that the following procedure would effectively sterilize 
solutions containing a heavy inoculum of bacterial 
spores. 

The liquid to be sterilized was cooled in an ice bath 
to 3 to 5 C and | volume per cent liquid ethylene oxide 
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was added by means of a chilled pipette or syringe. The 
solution was agitated in order to insure mixture and 
allowed to remain in the ice bath for 1 hr. After this | 
time, the solution was removed to a warm water bath 
circa 45 C (located under a hood) in order to alloy 
complete volatilization of ethylene oxide. During this 
period, the interior of the bottle as well as cap or cotton | 





plug is sterilized by the gaseous vapor. Sterility tests 
after this treatment have shown the material to be 
sterile and ready for incorporation into a previously | 


sterilized fermentation base medium. 


Carbohydrates Employed 


Five per cent solutions of each of the carbohydrates 
listed below were prepared in distilled water, divided 
into 3 aliquots of 100 ml each, which in turn were ster- 
ilized by (a) liquid ethylene oxide, (b) autoclaving (10 
lb, 15 min), and (e) Seitz filtration. 


Adonitol Lactose 
Aesculin? Maltose 
Arabinose Mannitol 
Cellobiose Raffinose 
Dextrin Rhamnose 
Dulcitol? Salicin 
Fructose Sorbitol 
Galactose Starch 
Glucose Sucrose 
Inositol Trehalose 
Inulin? Xylose 


2 Heating was required to effect solution of these com 
pounds. In the aliquot cooled for ethylene oxide sterilization, 
the carbohydrate precipitated out of solution. After steriliza 
tion and just prior to use in the fermentation base medium, 
solubilization was effected by heating. 
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Arabi 
Cello 
Dexti 
Fruet 
Gala 
Glue 
Lact 
Malt 
Man 
Meli 
Raffi 
Rha 
Salic 
Sort 
Suci 
Trel 
Xvi 
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Bactriological Evaluation of Sterilized Carbohydrates 


Each carbohydrate solution, sterilized by one of the 
three methods listed above, was incorporated into a 
sterile (autoclaved) fermentation base medium (BBL 
Phenol! Red Broth) in order to give a final concentration 
of 0.5 per cent. The final volume of media per tube was 
10 ml. 

As a means of determining the effect, if any, which 
ethylene oxide might have produced on the carbohy- 
drates, the following organisms were inoculated into 
media containing the sugars sterilized by each of the 
three procedures. The fermentation results were re- 
corded visually after 1, 3, and 7 days. 


Escherichia coli 

Ae robacter ae rogenes 
Salmonella typhosa 
Salmonella paratyphi 
Salmonella schottmuelleri 
Alcaligenes faecalis 
Shigella dysenteriae 
Proteus vulgaris 

Bacillus 
Bacillus 
Bacillus 
Bacillus 
Bacillus 


subtilis 
coaqulans 
cereus 
megaterrum 


bre vis 
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low 
this 
ton 


ests 
be 


isly | 


utes 
ded 
er- 
(10 
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Bacillus 
Bacillus 


Streptococcus pyogenes 


mycoides 


pu milis 


Micrococcus pyogenes var. aureus 
Neisseria perflava 
Neisseria subflava 
Neisseria flava 
Neisseria meningitidis 


Sarcina lutea 


TABLE 1. A comparison 


Carbohydrate Proteus vulgaris | Escherichia coli 


EOt Ft EO F 

pH pH pH pH 
Arabinose 7.16 | 7.15 | 4.90 | 4.85 
Cellobiose 71.36.| 7.38 | 7.65 | 7.60 
Dextrin 7.42 | 7.42 | 7.08 | 7.10 
Fructose 7.30 | 7.28 | 4.85 | 4.80 
Galactose. 5.33 | 5.32 | 4.90 | 4.92 
Glucose 5.00 | 5.02 | 4.50 | 4.57 
Lactose . 7.51 | 7.50 | 4.93 | 4.96 
Maltose 5.45 | 5.42 | 4.85 | 4.87 
Mannose 7.67 | 7.60 | 4.66 | 4.65 
Melibiose 7.50 | 7.530 | 5.21 | 5.20 
Raffinose . 7.40 | 7.45 | 5.19 | 5.22 
Rhamnose. 7.61 | 7.50: | 5.08: |. 5.04 
Salicin 5.25 | 5.25 | 5.42 | 5.44 
Sorbitol . . 7.40 | 7.40 | 5.70 | 5.70 
Sucrose §.24 | 5.25 | 7.10 | 7.16 
Trehalose 6.62 | 6.72 | 5.20 | 5.20 
Xyvlose.... 5.70 | 5.65 | 5.26 | 5.20 


Readings made after 48-hr incubation at 37 C. 
+ EO, ethylene oxide sterilized; F, Seitz-filtered. 
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Subsequently, similar tests were repeated; however, 
the results were determined by recording pH changes 
and titratable acidity. pH determinations were made 
by use of a Beckman pH meter. The indicator present 
in the medium obscured a sharp endpoint for color- 
imetric titration; hence, the titratable acidity was 
determined by using external electrodes of the pH meter 
and titrating to pH 7.0. 


RESULTS 


The first series of tests employing carbohydrates 
sterilized by the three procedures previously described 
was evaluated by visual observation of changes in the 
phenol red indicator for evidence of fermentation. The 
reactions obtained with ethylene oxide and Seitz- 
filtered carbohydrates were identical. However, several 
discrepancies were noted with the autoclaved carbo- 
hydrates. For example, autoclaved solutions of starch 
in two instances and dextrin in four instances gave posi- 
tive reactions when tests were negative by the other two 
methods. Similarly, autoclaved solutions of cellobiose 
were attackéd by two organisms, maltose by 1, sucrose 
by 3, and lactose by 1, although they failed to attack 
these same carbohydrates when sterilized by Seitz 
filtration or ethylene oxide. Such reactions can probably 
be attributed to a partial hydrolysis of the carbohydrate 
as a result of autoclaving. 

Further evidence for the similarity of fermentation 
reactions from ethylene oxide and Seitz-filtered carbo- 
hydrates was obtained by a comparison of pH changes 
and titratable acidity. The similarity of results is shown 
in tables 1 and 2. 


of pH changes produced by fermentation of carbohydrates sterilized by ethylene oxide and Seitz filtration* 


Test Organisms 


Micrococcus pyo- 





Bacillus cereus ar rag PARA iS Ae Sarcina lutea | Bacillus subtilis 
EO F EO F EO F EO F EO F 
pH pu pH pH pH pH pH pH pH pH 

7 .85:| 7.85 | 7.70°) TSO | 766) 7.67 | 7.15 | 7.18) 6.66) 7.65 

6.45 | 6.40 | 7.90 | 7.91 | 7.73 | 7.71 | 7.69 | 7.69 | 6.67 | 6.62 

5.34 | 5.34 | 7.5 7.58 | 7.76 | 7.71 | 7.79 | 7.80 | 7.85 | 7.85 

5.46 | 5.45 | 4. 4.73 | 4.94 | 4.90 | 5.92 | 5.95 | 6.01 | 6.00 

7.68 | 7.65 | 4. 4,77 | 5.18 |. 5.22) 7:68 | 7-68) ¢-48 | C3 

5.16 | 5.16 | 4. 4.73 | 4.95 | 4.98 | 6.53 | 6.52 | 6.05 | 6.00 

(40 | 0.42 08 7.90 | 5.00 | 4.99 | 7.69 | 7.70 | 7.94 | 7.95 

5.3 5.34 | 5. 5.01 | 5.54 | 5.52 | 7.50 | 7.52 | 7.31 | 7.36 

5.71 | 5.60 | 4. 4.76 | 5.38 | 5.40 | 7.69 | 7.66 | 7.85 | 7.86 

7.65 | 7.65 | 5. 504.1 7.02) C2 | 0.72) | 082) ER E82 

4280)| T315-| 7 7.89 | 7.74.) 7.71 | 7.54 | 7.55 | 7.36 | 7.36 

1.85 | ¢.82 | 5! 5.50'| 7.80.) 7.86) 0.731 0.048 | T.AS) 6.8 

5.37 | 5.36) 7. 7.93 | 7.81 | 7.84 | 7.75 | 7.75 | 6.28 | 6.26 

7.80 | 7.79 | 5.56 | 5.50 | 7.84 | 7.83 | 7.47 | 7.44 | 7.41 | 7.40 

5.62 | 5.62 | 7.93 | 7.95 | 5.19 | 5.17 | 7.79 | 7.78 | 5.94 | 5.90 

5.26 | 5.28 | 5.03 | 5.03 | 5.13 | 5.10 | 7.46 | 7.45 | 6.03 | 7.05 

T.80:\ TAT |\-§:40 | 5.42 | 7.79 | 7.80)| 7.25 | €.27 |} 6.254 6.2 
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TABLE 2. A comparison of the titratable acidity* produced by fermentation of carbohydrates sterilized by ethylene oxide and Sietz Si‘ tratiqn| 


Carbohydrate Proteus vulgaris | Escherichia coli 


EOt | Filtt | EO | Fil 
Arabinose. . - 6.45 6.48 
Cellobiose 
Dextrin 
Fructose. . 6.30 | 6.30 
Galactose. 3.45 | 3.45 | 6.05 | 5.90 
Glucose 4.70 | 4.60 | 8.50 | 8.45 
Lactose 5.50 | 5.40 
Maltose 3.25 | 3.25 | 6.20 | 6.27 
Mannose 7.55 | 7.65 
Melibiose 4.20 | 4.20 
Raffinose 3.70 | 3.50 
Rhamnose 4.95 5.05 
Salicin 3.50 | 3.55 | 2.70 | 2.65 
Sorbitol 2.10 | 2.00 
Sucrose 3.50 | 3.50 
Trehalose ..| 0.35 | 0.35 | 4.80 | 4.75 
Xylose 2.20 | 2.25 | 4.45 | 4.50 


* Expressed as ml M/50 NaOH required for 
was 7.0 or above (see table 1). Readings made 
+ EO, ethylene oxide sterilized; Fil, Seitz-filtered. 


If the ethylene oxide altered the chemistry of any of 
the carbohydrates in solution, a reaction would most 
likely occur with those compounds containing aldehyde 
or ketone radicals. In order to determine whether any 
such changes occurred, the following reducing sugars 
were examined by chemical test. 


Maltose Mannose 
Glucose Rhamnose 
Fructose Lactose 
Xylose Melibiose 
Arabinose Galactose 


These sugars were prepared in 5 per cent aqueous 
solutions, and aliquots of each were sterilized by Seitz 
filtration and ethylene oxide at concentrations ranging 
from 1 to 10 per cent. 

Quantitative reducing sugar determinations using 
a modified Folin-Wu procedure (Folin, 1929) on the 
solutions sterilized by ethylene oxide gave _ results 
which were identical to those obtained on solutions 
sterilized by Seitz filtration, thus indicating that the 
aldehyde or ketone groups had not been altered. 


DISCUSSION 


Results of fermentation tests performed with carbo- 
hydrates sterilized with liquid ethylene oxide compared 
very favorably with results from similar tests performed 
simultaneously on Seitz-filtered carbohydrates. Several 
discrepancies were noted when the carbohydrates, 
particularly some polysaccharides, were sterilized by 
autoclaving. These results indicate that the ethylene 
oxide does not alter the compounds, at least to a degree 
that can be detected by the bacteriological fermentation 


Test Organisms 
Bacillus cereus “aa paleo yg al Sarcina lutea Bacillus subjjjj 
EO Fil EO Fil EO Fil EO Fil EO Fil 
1.20 .22 
2.93 | 2.93 - _ 
2.63 | 2.50 6.75 | 4.30 | 4.35 | 1.43 | 1.40 | 1.38 | 1.37 
6.20 | 2.90 | 2.87 
3.65 | 3.63 | 6.60 | 6.60 | 4.25 | 4.15 | 1.03 | 1.00 | 1.23) 1.35 
— 4.10 | 4.10 - - 
2.85 | 2.83 | 5.20 | 5.20 | 2.30 | 2.25 
2.10 | 2.25 | 6.45 | 6.40 | 2.60 | 2. 
2.35 | 2.40 —_ 
2.85 | 3.00 _ 
3.00 | 2.95 - - ~ = 0.90 0.88 
2.95 | 2.95 — - — 
2.35 | 2.35 3.35 | 3.45 - 1.40 1.40 
3.30 | 3.30 | 5.20 | 5.25 | 3.77 | 3.78 1.20 1.0 
3.00 | 2.95 — . aa 


adjustment to pH 7.0; blank spaces 
after 48-hr incubation at 37 C. 














indicate those situations in which the final pHi 


tests described herein. Further evidence for the lack oi 
alteration produced on the carbohydrates was obtained 
by chemical methods. Representative aldoses and keto- 
ses were assayed quantitatively by reducing sugar tests 
before and after ethylene oxide sterilization. No quan- 
titative differences could be detected. 

Ethylene oxide is known to react slowly with water 
in producing ethylene glycol, and this reaction is accel- 
erated by the presence of hydrogen ions. However, 
under the conditions employed in this study for steri- 
lization of carbohydrates (low temperature and neutral 
solutions), there was no detrimental effect demonstrable 
on the fermentative capacity of the test organisms. 

Adequate provisions must be made for the safe and 
complete volatilization of the ethylene oxide after the 
initial contact period. This was accomplished by placing 
the treated solutions in a water bath at 45 C and be- 
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neath a hood, inasmuch as ethylene oxide vapors are 
toxic and explosive. 


SUMMARY 

Carbohydrates routinely employed for bacteriological 
fermentation tests can be conveniently and effectively 
sterilized by liquid ethylene oxide. No deleterious effect 
on the carbohydrates could be detected by micro- 
biological or chemical tests. This method of sterilization 
provides results comparable to those obtained with 
filter-sterilized sugars and has the advantage of sim- 
plicity of performace. 
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In a previous publication (Stokes and Osborne, 1955), 
a selenite brilliant-green enrichment medium was de- 
scribed which is more effective than selenite F broth 
in restricting the growth of strains of Escherichia and 
Proteus. Although this new medium should be generally 
useful in the isolation of Salmonella, for example, in 
public health laboratories, it is not entirely satisfactory 
for use with egg products. These products, for reasons 
nullify to a great 
extent the selective properties of enrichment media 
for Salmonella (Hurley and Ayres, 1953). This fact 
has led, in some instances, to the use merely of Ringer’s 
mineral salt solution as the enrichment medium for 
dried egg samples (Haines, Elliot, and Tomlinson, 
1947), although it is nonselective. 

Whole egg and egg yolk also reduce considerably 
the selective properties of the selenite brilliant-green 
medium. We have found, however, that the addition 
of a small amount of sulfapyridine to the medium 
restores all its selective properties, even in the presence 
of as much as 20 per cent liquid whole egg. The neu- 
tralizing effect of egg products on the selectivity of 
selenite brilliant-green medium and its elimination by 
sulfapyridine are described in the present paper. 


which are not yet entirely clear, 


MATERIALS AND METHODS 
The composition and preparation of selenite brilliant- 
green medium and cell suspensions and also the general 


'Present address: Chemical Corps, Biological Laboratories, 
Camp Detrick, Frederick, Maryland. 


procedures used are the same as those previously de- 
scribed (Stokes and Osborne, 1955). Sodium sulfapyri- 
dine was prepared as a 1 per cent stock solution and 
added to the medium after the other ingredients had 
been dissolved and adjusted to pH 7. At acid reactions, 
sulfapyridine tends to precipitate, but will redissolve 
when the pH is raised. The medium may be stored in 
the refrigerator for at least a week without the occur- 
rence of significant change. 

The liquid and dried whole egg, yolk, and albumen 
were prepared aseptically. Commercial production sam- 
ples of some of these products, with their natural 
microbial contamination, were also used in testing the 
efficacy of the sulfapyridine medium. 

The inocula consisted of approximately 1 cell of 
Salmonella and 100 cells of Proteus or Escherichia per 
milliliter of medium, unless otherwise indicated. 

For convenience, the selenite brilliant-green sulfa- 
pyridine medium is referred to as the SBS medium. 


RESULTS 

Influence of Egg 

The stimulatory effect of various concentrations of 
liquid whole egg on the growth of Proteus vulgaris, 
Escherichia coli, and Salmonella oranienburg in the 
unmodified selenite brilliant-green medium is clearly 
evident from the data in table 1. In agreement with 
our previous results, P. vulgaris and EF. coli fail to grow 
in the absence of egg, although S. oranienburg grows 
luxuriantly. The addition, however, of as little as 0.1 
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TABLE 1. Stimulation of growth of Proteus vulgaris, 


Escherichia coli, and Salmonella oranienburg by 
whole egg 


rae % : . : Salmonella 
» Ree Proteus vulec Escherichia col Sal 
Liquid Whole Fgg| Proteus vulgaris Escherichia coli oranienburg 


% cells/ml 

0.0 0 0 497 ,000 , 000 
0.1 490 ,000 0 

0.3 35,700,000 410,000 _— 

1.0 136,000,000 — 

3.0 279 ,000 ,000 1,000,000 - 
10.0 355,000 ,000 2,500,000 1,000 ,000 ,000 


TABLE 2. Stimulation of growth of Proteus by the components 
of whole egg 


Egg Material* Proteus vulgaris Proteus mirabilis 
g 


cells/ml 
None 0 30 
Whole egg. . 383 ,000 , 000 46,000,000 
Yolk 248 ,000 ,000 53 ,000 , 000 
Albumen 1,600 51,000 


* Used in amounts equivalent to those present in 10 per 
cent liquid whole egg. 


TABLE 3. Inhibition of Salmonella by albumen 


AND J. L. STOKES 


Albumen poser ed Salmonella anatis Proteus morganti 
% (dry wt) cells/ml 
0.0 497 ,000 ,000 158 ,000 ,000 1,000 
0.1 260 , 000 , 000 47 000,000 10,000 
1.0 12,000,000 - 15,000 
5.0 8,000,000 47 ,000 ,000 51,000 


per cent egg permits appreciable growth of P. vulgaris, 
and at the 0.3 per cent egg level, EL. coli multiplied. The 
development of both organisms is proportional to the 
egg concentration. With 10 per cent egg, the growth of 
P. vulgaris is luxuriant and in magnitude approaches 
that of S. oranienburg. The latter is also stimulated by 
egg, but this amounts to only a doubling of the popula- 
tion, undoubtedly because the basal medium itself 
supports virtually full growth. 

When the two major components of egg, that is, 
yolk and albumen, are examined separately, it is found 
that essentially all the stimulatory activity of whole 
egg resides in the yolk and very little is in the albumen 
(table 2). Actually, the albumen partially inhibits the 
growth of Salmonella, as shown by the data in table 3. 
The degree of inhibition usually increases as the albu- 
men concentration is raised. It may be due to the lyso- 
zyme or the metal-binding conalbumin in the egg white. 
For comparative purposes, comparable data for Proteus 
morganzi are included in table 3, and these show a slight 
but progressive increase in growth with increase in the 
concentration of albumen. Results similar to those 
with P. morganii were also obtained with P. vulgaris 
and E. coli. 


VOL, 3 
It is clear, therefore, that although the -olenit, 
brilliant-green medium supports excellent gro th of 
Salmonella from very small inocula, it lacks a ‘quate 
selectivity in the presence of egg products. A i0-fold 
increase in the concentration of brilliant gre:ii apd 
variations in the concentration of taurocholate failed 
to change the situation materially and indicated tha 
the enrichment medium needed to be modified in «i more 
basic or qualitative manner. 


Effect of Sulfonamides 


During the early stages in the development of the 
selenite brilliant-green medium, the sulfonamides, su)- 
fadiazine, sulfathiazole, sulfasuccidine, and sulfapyri. 
dine were tested, along with a variety of other con. 
pounds, as possible preferential inhibitors of organisms 
which may associate with Salmonella. Although the 
preliminary results, especially those with sulfapyridine, 
were promising, the sulfa compounds were discarded 
in favor of other modifications of the medium which 
resulted in better selective properties. In view of these 
earlier results with sulfonamides and also because 
Galton ef al. (1952) reported an increase in the number 
of isolations of Salmonella from the feces of dogs by 
incorporation of sulfathiazole into tetrathionate en- 
richment broth, we investigated the effect of sulfapyri- 
dine on the growth of Salmonella and competitors in the 
selenite brilliant-green enrichment medium in the pres- 
ence of egg products. 

It was soon found that the addition of small amounts 
of sulfapyridine to the medium with egg restored the 
inhibitory properties of the medium for Proteus and 
Escherichia to essentially the same levels as_ those 
obtained in the absence of egg material. Typical results 
are shown in table 4. Without sulfapyridine, both 
Salmonella and Proteus grow luxuriantly, and L. coli 
also develops appreciably. In the presence of 300 ug or 
more of sulfapyridine per milliliter of medium, however, 
the growth of P. vulgaris and E. coli is greatly reduced, 
and only very small populations arise. Although mul- 
tiplication of S. typhimurium is also repressed by sulfa- 
pyridine, the extent is much less than that for the other 
organisms, and, as a result, the ratio of Salmonella to 
competitors is increased. On the basis of this and similar 
experiments, a level of 500 ug of sulfapyridine per 


TABLE 4. Selective inhibition of microbial growth by 
sulfapyridine in the presence of whole egg* 


Sulfapyridine Pr stl Proteus vulgaris Escherichia coli 
ug/ml cells/ml 
0 1,300,000 ,000 320 ,000 , 000 310,000 
300 600 , 000 ,000 430,000 600 
500 86,000,000 21,000 90 
700 1,800,000 2,400 60 


* 4 per cent liquid whole egg used. 
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TasLe 5. Effect of egg concentration on microbial growth in 
elenite brilliant-green medium with 0.05 per cent 
sulfapyridine 


Liquid whole egg ——— Proteus vulgaris Escherichia coli 
cells/ml 
0 56 , 000 , 000 0 0 
2 27 ,000 ,000 2,000 470 
| 32 ,000 , 000 2,200 180 
8 37 , 000,000 3,900 730 
12 21,000,000 3,800 1,440 
20 86,000,000 4,900 1,800 
10) 44,000 


TaBLE 6. Selectivity of the sulfapyridine medium in the 
presence of 10 per cent liquid whole egg 
Growth 


Organism Inoculum 


cells/ml 
Salmonella senftenberg 775W 1S 730 , 000,000 
Salmonella senftenberg FDA 21 990 , 000 , 000 
Salmonella oranienburg 6266 16 7,000,000 
Salmonella meleagridis 5485 17 1,600,000 ,000 
Salmonella paratyphi B 76 14 1,200,000 ,000 
Salmonella pullorum 3259 13 40 ,000 
Salmonella pullorum 1430 11 100,000 
Escherichia coli 2010 910 3 
Escherichia coli 2011 1,030 0 
Aerobacter aerogenes 2111 1,220 135,000 
Aerobacter aerogenes 2001 1,770 14 
Proteus vulgaris X19 930 5,300 
Bacillus cereus 7 0 


milliliter of medium, or 0.05 per cent, was adopted as 
optimum. 

Of considerable practical importance is the ability 
of the sulfapyridine medium to repress the growth of 
Proteus and Escherichia, virtually independently of the 
concentration of egg, in the range of 2 to 20 per cent 
(table 5). With 40 per cent egg, appreciable stimulation 
of the growth of /. coli occurred, and similar results 
were obtained in other experiments with Proteus strains. 

The selectivity of the selenite brilliant-green sulfa- 
pyridine, or SBS medium, with egg was tested further 
with additional strains of Salmonella and _ potential 
competitors. Actively growing cultures rather than the 
customary resting cell suspensions were used. The cul- 
tures were grown overnight in broth, diluted, and inocu- 
lated into SBS medium. The results are shown in table 
6. The Salmonella strains grew abundantly, except for 
those of S. pullorum. This organism, in sharp contrast 
to other species of Salmonella, usually grows slowly in 
culture media. Populations of several hundred million 
cells per milliliters of SBS medium can be obtained, 
however, if incubation for 2 days rather than the cus- 
tomary 1 day is used. It is not necessary, however, to 
have large numbers of Salmonella in the enrichment 
culttures for successful isolation. In practice, a loopful 
of the enrichment culture, or approximately 0.01 ml, 








bo 
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is streaked, for example, on brilliant-green or bismuth 
sulfite agar in order to obtain Salmonella colonies. 
Several such colonies should appear on a plate streaked 
from an enrichment culture containing as few as a 
thousand Salmonella cells per milliliter. This calcula- 
tion has been confirmed by direct experimentation with 
briliant-green agar. Therefore, the approximately 
50,000 to 100,000 cells of S. pullorum obtained per 
milliliter of SBS medium is more than sufficient to per- 
mit isolation. 

Growth of the coli-aerogenes strains, P. vulgaris and 
Bacillus cereus, was either completely inhibited or gave 
rise to only very small populations. Further inhibition 
of these strains can be expected on the selective agars 
normally used for isolation. Although not included in 
table 6, two additional strains of Proteus, P. morganii 
and P. rettgeri, failed to grow in selenite brilliant-green 
medium with egg, even in the absence of sulfapyridine. 


Frozen and Dried Egg Products 


Results similar to those with the fresh liquid whole 
egg and yolk were also obtained with the corresponding 
frozen and dried products. As much as 10 per cent of 
these may be used. As indicated previously, albumen 
restricts somewhat the growth of Salmonella, and with 
10 per cent dried egg white only about 100,000 cells per 
milliliter of medium may be obtained. But this level is 
still adequate to permit isolation of the Salmonella. In 
practice, it may be preferable to limit the amount of 
dried albumen in the medium to 5 per cent. 


Prolonged Incubation 


A few experiments were made in order to determine 
the effect of increasing the incubation time of the en- 
richment cultures from 1 to 2 days. The longer period 
was not favorable for most of the Salmonella strains. 
The cultures which gave rise to about a billion cells per 
milliliter in 1 day contained only a few million viable 
cells after 2 days. The Salmonella, therefore, die rather 
rapidly after full growth. In contrast, the longer incu- 
bation period permitted greater growth of the competi- 
tors of Salmonella, especially Proteus. The only advan- 
tage of the 2-day period was the greatly increased 
growth of S. pullorum. In order to be more certain of 
isolating the latter from egg products, it may be worth 
while to attempt isolation from the enrichment cultures 
both after 1- and 2-day incubation. 


Experiments with Commercial Samples of Egg Products 


It was desirable to determine the fate of small num- 
bers of Salmonella in SBS medium when in direct com- 
petition with the varied microflora of egg material pre- 
pared under commercial conditions. A number of 
plant samples of both liquid and dried whole egg, free 
from Salmonella under the test conditions, were used in 
the following experiments. 
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Experiment A. Four samples of liquid egg obtained 
from a breaking line had counts which ranged from 
48,000 to 468,000 bacteria per milliliter. One of the 
samples contained 12 per cent salt. One milliliter of 
ach sample was added to tubes containing 9 ml of SBS 
medium and inoculated with approximately 10 cells of 
S. typhimurium contained in 1 milliliter of water. After 
overnight incubation, these enrichment cultures, undi- 
luted and also diluted 100- and 10,000-fold, were 
streaked on brilliant-green agar. A duplicate set of 
plates containing brilliant-green agar plus 0.1 per cent 
sulfapyridine was also streaked. Care was taken to 
adjust the latter medium to pH 7. It was thought that 
the sulfapyridine might help inhibit any Salmonella 
competitors which might survive or grow in the enrich- 
ment cultures. 

S. typhimurium was recovered in all instances, as 
judged by the nature of the growth on brilliant-green 
agar, by microscopic examinations and also by agglu- 
tination tests with group-specific antiserum. Plates 
streaked from the undiluted enrichment cultures con- 
tained some growth of acid-forming gram negative 
short rods, but these were much less abundant than 
Salmonella and were virtually absent from the plates 
streaked with diluted enrichment culture. Essentially 
pure cultures of Salmonella were obtained on all plates 
of the brilliant-green agar containing sulfapyridine, 
which indicates that the suifapyridine improves the 
selectivity of the agar. Since many Salmonella colonies 
were present on the plates streaked with a loopful of 
the 1 to 10,000 dilution of the enrichment cultures, 
there must have been millions of Salmonella cells per 
milliliter of enrichment culture, in contrast to the one 
cell originally inoculated. 

Experiment B. Twelve dried-egg samples were used. 
These had counts ranging from 2,500 to 20,000 bacteria 
per gram. One-gram quantities were placed in tubes 
containing 9 milliliters of SBS medium. One set of tubes, 
representing six samples, was inoculated with 10 cells 
of S. typhimurium per tube and the remainder with only 
1 or 2 cells per tube. After overnight incubation, the 
enrichment cultures were streaked on brilliant-green 
agar, with and without sulfapyridine, in the manner 
described in experiment A. S. typhimurium was recov- 
ered in all cases, and virtually in pure culture from the 
diluted enrichment cultures on brilliant-green agar and 
even from the undiluted cultures on the sulfapyridine 
agar. 

Experiment C. A batch of shell eggs consisting of 
heavy dirty leakers was broken out. A relatively enor- 
mous number of bacteria, 19,000,000 per milliliter, 
were present. One milliliter of egg material was added 
to nine milliliters of SBS medium and inoculated with 
10 cells of S. typhimurium. After overnight incubation, 
the Salmonella were readily recovered on brilliant-green 
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agar from the undiluted enrichment culture aii! als 
from the latter diluted 1 to 100 and 1 to 10,000. 

Experiment D, Under practical conditions it i ay be 
necessary to determine whether a particular b:ich of 
dried egg contains as little as one Salmonella «|| per 
100 g. In order to determine whether the SBS niedium 
will permit isolation of Salmonella under such stringent 
conditions, the following experiment was made. Tey 
replicate 100-g quantities of dried egg were placed in g 
series of flasks, each with 1 L of SBS medium. The egg 
contained 34,000 bacteria per gram. An S. typhimurium 
cell suspension was diluted to contain 1 or 2 cells per 
milliliter. Plate counts of 10 replicate 1-ml portions of 
this suspension yielded a range 0 to 4 colonies per milli- 
liter. One milliliter of cell suspension was added to each 
flask. After overnight incubation, it was possible to 
recover S. typhimurium on brilliant-green agar from 6 
of the 10 replicate enrichment cultures. 

The results of these four experiments demonstrate 
that the SBS enrichment broth is selective enough to 
permit isolation of Salmonella from naturally contami- 
nated egg and that it is sufficiently sensitive to permit 
isolation of Salmonella, even when only one viable cell 
is present in 100 g of egg. In addition, the results suggest 
that the selectivity of brilliant-green agar is improved 
by the addition of 0.1 per cent sodium sulfapyridine. 

Preliminary experiments suggested that the SBS me- 
dium will support abundant growth of Salmonella from 
small inocula, also in the absence of egg material. It is 
possible, therefore, that the sulfapyridine modification 
of the selenite brilliant-green medium may be better 
than the latter for general use in the isolation of Sal- 
monella, because of the added protection provided by 
the sulfa drug against the tendency of the test material 
to neutralize the selective properties of the enrichment 
medium. 


DISCUSSION 


Unequivocal proof of the presence of Salmonella in 
natural materials requires isolation of the organism in 
pure culture from among the numerous and _ varied 
associated microorganisms. This is accomplished by the 
use of enrichment media which favor the growth of 
Salmonella over competitors. The latter may be either 
completely or only partially suppressed. Full inhibition 
of gram positive contaminants is not difficult to attain 
because they have a greater susceptibility to the toxic 
effects of dyes, metals, and other selective reagents 
than do Salmonella and gram negative bacteria in gen- 
eral. The most effective enrichment media, tetrathio- 
nate and selenite broth, are less than satisfactory, 
however, for the inhibition of gram negative competi- 
tors of Salmonella, particularly strains of Escherichia, 
Aerobacter, and Proteus. This is not surprising, because 
of the great similarity of the latter to Salmonella in 
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morphology and metabolic patterns. Together with 
Salmonclla, they form a natural, closely related group. 
Despite the many obvious similarities, however, subtle 
differences must exist within the group, since Salmonella 
are usually less sensitive to inhibition by tetrathionate, 
selenite, and brilliant green than, for example, Eschert- 
chia. The reasons for these differences are not yet 
known, but elucidation of the underlying mechanisms 
would lead unquestionably to a more rational approach 
to the development of better enrichment methods for 
Salmonella. 

Another important factor which limits the selectivity 
of enrichment media is the marked tendency of organic 
matter added with the test sample to neutralize the 
inhibitors of the medium. Because Salmonella usually 
oecur in natural materials in very small numbers, it 
frequently becomes necessary to use relatively large 
amounts of test material, and this accounts for the 
importance of the problem. In the case of egg products, 
we have succeeded in maintaining the selective proper- 
ties of the selenite brilliant-green medium by the addi- 
tion of sulfapyridine. But it cannot be expected that 
the proposed medium, or any other, will permit only 
Salmonella, and also every cell of Salmonella, to grow 
and at the same time completely to suppress the growth 
of all other Invariably, resistant 
Salmonella competitors will be encountered which will 


microorganisms. 


develop fully. Likewise, there will be sensitive Salmon- 
ella cells which will fail to grow. This possibility imposes 
a limit to the selectivity of enrichment media, especially 
since only a few Salmonella cells are usually introduced 
into them. Throughout our experimental work, we have 
paid particular attention to S. pullorum, because this 
species grows more slowly and appears more sensitive 
to inhibitors than do other Salmonella. Although the 
described selenite brilliant-green sulfapyridine does not 
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support luxuriant growth of strains of S. pullorum in 
one day, it allows sufficient growth to permit isolation. 
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SUMMARY 


The selectivity of selenite brilliant-green medium 
for the isolation of Salmonella is decreased by egg 
products. However, it can be restored to its original 
level by addition of 0.05 per cent sodium sulfapyridine. 
This modified sulfapyridine enrichment broth is suffi- 
ciently selective and sensitive to permit isolation of 
Salmonella, even when only one viable cell is present 
in 100 g of commercial, naturally contaminated dried 
egg. There is evidence that the medium may be satis- 
factory, also, for general use in the isolation of Sal- 
monella. 

The addition of 0.1 per cent sulfapyridine to brilliant- 
green agar enhances its selectivity for Salmonella. 
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Yesair’s pork infusion medium, as modified by Wynne 
and Foster (1948), has been extensively employed in 
thermal resistance studies of spores of Clostridium spe- 
cies. While this medium is excellent for the recovery of 
spores of these organisms, it is expensive and laborious 
to prepare. Recent unpublished data in this laboratory 
have demonstrated that counts of heat-activated spores 
of Putrefactive Anaerobe (P.A.) No. 3679 made in Eu- 
gonagar (B.B.L.) are higher than those made in Yesair’s 
medium. In view of these results, a comparative study 
of various media for recovery of severely heat-treated 
spores of Putrefactive Anaerobe 3679 was carried out. 
Since this organism is widely used in the food industry 
as an experimental organism in evaluating process 
requirements for low-acid canned foods, a more com- 
plete determination of its thermal resistance has con- 
siderable practical significance. 


EXPERIMENTAL METHODS AND RESULTS 


Preparation of Spore Suspension 


Putrefactive Anaerobe (P.A.) No. 3679 was obtained 
from Dr. C. R. Stumbo. Spores were produced according 
to the method of Stumbo, Murphy, and Cochran (1950) 
in a medium containing Bacto liver infusion. After 
incubation at 29.4 C for 13 days, the suspension was 
homogenized in a Waring blendor and filtered through 
a glass-wool pad. The suspension was centrifuged, 
washed 5 times with sterile distilled water, resuspended 
in sterile distilled water, and placed in bottles containing 
about 4 in of glass beads. The suspension was stored 


at 4.4 C. 


Determination of Thermal Resistance 


An estimation of the spore concentration of the sus- 
pension was made with the thermoresistometer method 
of Stumbo ef al. (1950). The average of four individual 
spore-count determinations made in Eugonagar was 
1.9 X 10° per milliliter. The spore suspension was 
diluted 1:10 in sterile distilled water and 0.01-ml ali- 
quots measured into thermoresistometer cups. Sets of 


' Scientific Paper No. 1379, Washington Agricultural Ix 
periment Stations, Pullman. Project No. 1046. 
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six samples were subjected to a series of time exposures 
at 121 C, inoculated into the media under study, and 
incubated at 29.4 C. The tubes were examined period. 
ically for growth, as evidenced by colony formation and 
gas production. Anaerobiosis was maintained in all 
tubes during incubation by addition of a “vaspar” 
seal shortly after inoculation. 

After incubation for 60 days, a D value for each ey- 
posure time at 121 C that sterilized only a fraction of 
the samples was calculated as follows. 


U 
i 

log a — log b 
where D = time in minutes necessary to accomplish 
a 90 per cent reduction in the number of 
spores 


U = heating time in minutes 

a = number of spores subjected to one time- 
temperature relationship (the number of 
spores initially present per sample multi- 
plied by the number of replicate samples, 
1,900 X 6 = 11,400 in the present investi- 
gation) 

b = number of spores surviving at the end of 


heating time U 


The value of b was obtained by application of the 
Halvorsen and Ziegler (1933) equation. 


E = 2.3026 log n/q 


where = most probable number of spores surviving 
per replicate sample 

n = total number of replicate samples 

q = number of sterile samples 


then 6b = & times the number of replicate samples. 


The values obtained at each exposure time at a par- 
ticular temperature are then averaged, and this value is 
taken as the D value for that temperature (Stumbo ¢l 
al., 1950). 

Table 1 shows the D values at 121 C for each recovery 
medium. 





Media 
Yesair’s pork infusion agar containing 0.1 per cent 
soluble starch was prepared according to Wynne and 
Foster (1948) except that thioglycollate supplement 
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Taste |. Thermal resistance values of spores of Putrefactive 
Anaerobe 3679 in various recovery media 
D Values at 121 C 
Recovery Medium Run Number 
Avg* 
1 2 3 

Yesair’s pork infusion 0.476:0.480.0.474.0.477 
Yesair’s pork infusion + 0.05% sodium 

thioglycollate 0.533 0.576 0.554 0.554 
Yeast extract-starch-bicarbonate agar 

(YESB) 0.431 0.522.0.516. 0.490 

YESB + 1% malt extract 0.478 0.4150.4200.438 

Yeast extract-starch agar (YES) 0.505.0.505 0.534.0.515 

Pea infusion agar (PE-2 0.378,0.362.0.4140.385 

PE-2 + 0.1% soluble starch 0.401.0.360.0.354,0.372 

Eugonagar 0.34810 .288.0.330/0.322 

Eugonagar + 0.1% soluble starch 0.329, 0.3450 .344,0.339 


Eugonagar + 0.1% soluble starch + 
1% malt extract 
Eugonagar + 0.1% soluble starch + 
2% malt extract (0.381 0.314.0.316 0.337 
Eugonagar + 0.1% soluble starch + 
1% veast extract 0.332 0.391,0.323,0.349 
Eugonagar + 0.1% soluble starch + 
10% liver infusion 0.356 0.381 0.322 0.353 


.860 0.412 0.341 0.371 


* These figures represent the means of the average D values 
calculated for each of the 3 runs as explained in the text. 
When an over-all D value (that is, not separated into runs) 
was calculated from the data obtained for a particular condi- 
tion, this value did not differ appreciably (<2%) from the 
values listed here. 


was omitted. The pH was adjusted to 7.4 prior to ster- 
ilization. 

Yeast extract-starch-bicarbonate agar (YESB) was 
prepared according to the specifications of Wynne, 
Schmieding, and Daye (1955) as follows: yeast extract 
(Difeo) 10 g, Ke2HPO, 2 g, thioglycollate supplement 
(BBL) 5 g, soluble starch 1 g, agar 15 g, distilled water 
| L. The pH level of the medium was adjusted to 7.4 
prior to sterilization. A Seitz-filtered solution of sodium 
bicarbonate was added aseptically just prior to inocu- 
lation in order to give a final concentration of 0.1 per 
cent. A modification of YESB, with bicarbonate deleted 
(YES), was also employed (table 1). 

A modification of the PE-2 agar described by Folin- 
azzo and Troy (1954) was prepared as follows: a pea 
infusion was prepared by boiling one pound of commer- 
cially frozen peas per liter of water for one hour, by 
filtering it through absorbent cotton and Whatman No. 
| filter paper in order to remove insoluble matter, and 
by reconstituting the volume with distilled water. Bacto 
peptone was added in order to give a final concentration 
of 2 per cent. Agar was added in the amount of 15 g 
per liter. The pH level of the medium was 6.6 prior to 
sterilization. 

Liver infusion was prepared by adding 75 g of dehy- 
drated Bacto liver to 1 L of distilled water and infusing 
according to directions. 


Eugonagar, a dehydrated product of the Baltimore 
Biological Laboratories, was prepared according to di- 
rections. The pH level of the medium prior to sterili- 
zation was 7.6. With this medium, a small amount of 
gas is produced in the tubes as a result of a reaction 
between the citrate in the medium and the thermoresis- 
tometer cups. This, however, did not interfere with the 
detection of growth. 

Malt extract and yeast extract were Difco dehydrated 
products. 

Sterilization of all media was effected at 121 C for 
20 minutes. 


DIscussION 


Curran and Evans (1937) noted that spores of certain 
members of the genus Bacillus which survived heat 
treatment at 98 C appeared to be more exacting in 
their nutritive requirements than before treatment. 
Thus, it is necessary in thermal resistance studies to 
employ a subculture medium which provides optimum 
conditions for the recovery of heat-treated spores. The 
use of a nutritionally inadequate medium results in a 
smaller percentage of spore recovery. This leads to an 
incomplete estimation of the actual number of viable 
cells and an incorrect evaluation of the calculated ther- 
mal resistance value. 

The data presented in table 1 clearly demonstrate 
that the constitution of the recovery medium exerts an 
appreciable effect on the thermal resistance values of 
spores of P.A. 3679. Yesair’s pork infusion, supple- 
mented with 0.05 per cent thioglycollate, proved to be 
superior to all media tested for recovery of severely 
heat-treated spores. YESB medium, while slightly less 
efficient than Yesair’s pork infusion supplemented with 
thioglycollate, was better than unsupplemented Yes- 
air’s medium. The latter data confirm the exploratory 
findings of Wynne et al. (1955) for P.A. 3679 spores 
surviving heat treatment at 100 C. Deletion of bicar- 
bonate from YESB did not alter its effectiveness as a 
recovery medium. 

The PE-2 and Eugonagar groups of media were defi- 
nitely inferior to the other media tested for spore re- 
covery. Supplementation of Eugonagar with starch, 
malt extract, yeast extract, and liver infusion resulted 
in a slight increase in the recovery efficiency of this 
medium. The inferiority of Eugonagar as a recovery 
medium is in contrast to its relatively high efficiency 
as a spore-counting medium for heat-activated spores 
(Frank, unpublished data). These results point to the 
need for more studies on the conditions which govern 
spore germination in relation to spore-count determina- 
tions and recovery of spores surviving severe heat 
treatments. 

The data in table 1 show that deletion of bicarbonate 
does not alter the relative effectiveness of YESB. Since 
the addition of bicarbonate constitutes an extra and 
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unnecessary step in the preparation of this medium, it 
is recommended that the YES medium be adopted 
routinely as a recovery medium in thermal resistance 
studies on the spores of P.A. 3679. In addition to giving 
thermal resistance values comparable to those obtained 
in Yesair’s pork infusion, it has the advantages of ease 
of production, reduced cost, and relative reproducibility. 
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SUMMARY 


Data are presented which show that the constitution 
of the recovery medium exerts an appreciable effect 
on the apparent thermal resistance of spores of Putre- 
factive Anaerobe 3679. The routine use of a simple 
yeast extract-starch medium (YES) as a recovery me- 
dium in thermal resistance studies on this organism 
is recommended. In addition to giving thermal resis- 
tance values comparable to those obtained in Yesair’s 


. ROOK 


pork infusion, it has the advantages of ease of p. odue- 

tion, reduced cost, and a standardized method of 

preparation. 
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The present state of our knowledge of the microbio- 
logical deterioration of vulcanized rubber materials 
must be deemed unsatisfactory, an opinion which is 
also expressed by Greathouse, Wessel, and Shirk (1951) 
in their review on microbiological deterioration of manu- 
factured materials. On the one hand, there is a tendency 
to extend the observations on microbial attack of natu- 
ral, nonvuleanized rubber also to rubber objects which 
have been subjected to a vulcanization process. But 
this does not seem permissible, because in this process 
the long hydrocarbon chains have been linked together 
by sulfur bridges, and it seems quite possible that this 
alteration materially changes the susceptibility of the 
hydrocarbon to microbial attack. On the other hand, 
several reports which deal with the problem merely 
from the standpoint of testing materials leave no doubt 
that the deterioration is often accompanied by the 
development of microorganisms. However, in these 
cases, usually no proof is given that a certain type of 
organism is responsible for the attack, and it is not 
established with certainty that the breakdown is indeed 

‘Present address: Research Laboratories, H. Lundbeck & 
Co., Inc., Copenhagen, Denmark. 


due to a consumption of the rubber hydrocarbon in the 
vulcanized state. In this connection, it should be real- 
ized that all vulcanized rubber objects contain several 
compounds besides the hydrocarbon. This also makes it 
clear that vulcanized rubber may be covered by profuse 
growth of an organism fully unable to attack the rubber 
itself. 

Before reporting on the experimental work performed, 
a survey of the main results obtained in investigations 
both on nonvuleanized and vulcanized rubber cannot 
be omitted. 

As early as 1913, S6hngen and Fol (1914) isolated pure 
cultures of natural-rubber-consuming microorganisms 
from an enrichment culture in which pure rubber hydro- 
carbon was the main source of carbon. They prepared 
films of nonvulcanized rubber of high purity by dissolv- 
ing pieces of sheet rubber in benzene, separating the 
clear upper layer of the solution, and subsequently evap- 
orating the benzene. It should be acknowledged that 
the thus prepared rubber still contained 0.1 per cent 
nitrogen. However, it appears to be difficult to attain 
a lower nitrogen content without employing methods 
too complicated. Boggs and Blake (1936), in discussing 
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the preparation of deproteinized rubber from latex, 


mentioned that even after repeated creaming or centri- 
fuging of the latex the rubber still had a nitrogen con- 
tent of 0.08 per cent. 

Séhngen and Fol (1913) inoculated their thin rubber 
films, floating on an aqueous medium containing inor- 
ganic salts, with soil and observed the growth of col- 
onies. The greater part of these colonies appeared to be 
Actinomycetes. After some time, the rubber under and 
around the colonies had disintegrated to such an extent 
that this could not be ascribed to the disappearance of 
impurities from the rubber. 

Two of the active strains isolated in pure culture 
were described as Actinomyces elastica and Actinomyces 
fuscus. 

During the next 20 years, no significant advance was 
made, but in 1936, Spence and van Niel introduced a 
new and very ingenious method. 

They succeeded in preparing rather well-purified latex 
suspensions that could be sterilized by steam without 
coagulation. Then, the latex was dialyzed against re- 
peatedly refreshed phosphate buffer of pH 6.8 to 7.2. 
Ammonia and water-soluble organic impurities were 
removed quantitatively; however, from the analytical 
data given in the tables it may be seen that the latex 
still contained about 3 per cent protein (calculated on 
dry weight). With this sterile latex, agar plates were 
prepared by pouring thin layers of a suspension of 
latex in hot washed agar solution on a layer of washed 
agar to which the necessary mineral salts had been 
added. 

By inoculating the plates with soil particles and incu- 
bating at 25 or 30 C, colonies, chiefly of various Actino- 
myces species, appeared. These colonies produced a 
clear zone in the opaque medium, thus indicating that 
rubber globules disappeared as a result of microbial ac- 
tion. Experiments in which pure cultures prepared from 
Actinomyces colonies were inoculated into synthetic 
media, containing known quantities of latex rubber, 
demonstrated that the isolated strains were able readily 
to decompose the rubber hydrocarbon. 

A further contribution worth mentioning was made 
by Kalinenko (1938), who applied the technique of 
Spence and van Niel for the isolation of several rubber- 
decomposing organisms. 

Among these organisms there were, besides Actino- 
myces species, also such molds as Aspergillus oryzae and 
a Penicillium species. Kalinenko claimed that all these 
cultures were able to consume large quantities of rubber 
in diluted latex. Moreover, he found that growth of one 
of the Actinomyces species on a thin film of purified 
natural rubber led to a perforation of this film. 

The foregoing may suffice as a documentation for the 
suitability of the rubber hydrocarbon as a substrate 
for some microorganisms, among which Actinomycetes 
apparently prevail. 
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With respect to available evidence for the suscepti- 
bility to microbial attack of the hydrocarbon after it 
has been subjected to vulcanization, it should be real- 
ized that the conversion of natural rubber into a normal 
rubber commodity is not at all restricted to a heating 
of the rubber with elementary sulfur. The rubber is 
compounded with quite an arsenal of chemicals serving 
specific purposes. Examples are accelerators, antioxi- 
dants, fillers, pigments and stains, mineral oils, anti- 
abrasives, and wear-resistors. It is clear at once that 
growth of a microorganism on vulcanized rubber does 
not necessarily imply that this organism is able to con- 
sume the rubber hydrocarbon itself. 

As far as it is known, ZoBell and Grant (1942) were 
the first investigators who gave special attention to the 
question of microbial attack of vuleanized rubber. They 
observed that the use of rubber stoppers in experiments 
for determining the B.O.D. of water samples led to in- 
creased values. In special experiments it was shown that 
by adding vulcanized rubber cut into small pieces to 
inoculated water the B.O.D. increased from 0.5 to 6.0 
ppm; a more or less similar effect was observed when the 
bottles in which the B.O.D. test was performed were 
coated with a thin film of purified, nonvuleanized rub- 
ber. In a second publication of ZoBell and Beckwith 
(1944), these observations were extended, and the most 
remarkable point is undoubtedly that they observed 
the effect after the water had been inoculated with 
quite divergent microorganisms. They mentioned 
molds, actinomycetes, and bacteria, representatives of 
the genera: Aspergillus, Penicillium, Actinomyces, Pro- 
acltinomyces, Micromonospora, Mycobacterium, Pseudo- 
monas, Bacillus, and so on. Some other bacterial strains, 
however, yielded negative results. In the light of the 
foregoing discussion it is clear that these experiments 
do not offer proof that the rubber hydrocarbon in the 
vulcanized state is liable to microbial attack. ZoBell 
and Beckwith themselves rightly remark that “the 
mere utilization of oxygen in the rubber products does 
not necessarily prove that rubber itself is oxidized.” 
The same can be said for such other criteria used by 
ZoBell and co-workers as increased carbon-dioxide pro- 
duction and multiplication of the organisms. 

However, somewhat further on, they referred vaguely 
to unspecified data regarding the loss in weight of rubber 
products when exposed to microbiological action over 
a long period of time, and in their summary the micro- 
bial deterioration of vulcanized rubber was put forward 
as a fact. As such, it has usually been quoted in later 
publications. 

More direct evidence for a microbial attack of vul- 
eanized rubber hydrocarbon was given by Blake and 
Kitchin (1949) and Blake, Kitchin, and Pratt (1950, 
1953, and 1955), who studied the deterioration of the 
rubber insulation of electric cables. They found that 
when the insulation had been buried for some period of 
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time in soil it lost its insulating properties, whereas 
in parallel tests this material, exposed to sterilized soil, 
practically unaltered. Synthetic rubber 
proved to be more resistant in the soil burial test. 
With natural rubber compounds, loss of electrical 


remained 


resistance of the insulation was accompanied by visible 
pitting, thus leaving no doubt that part of the vulean- 
ized rubber hydrocarbon had also been consumed. In 
addition, micropores could be detected, but only after 
they had been made visible with the aid of an elegant 
method in which copper was electrolytically deposited 
in the pores. 
Blake et al. 
caused by microorganisms having 


(1949) assumed visible pitting to be 
‘aten away the 
bulk of the rubber compound, hydrocarbon included, 
while the micropores might have originated in imper- 
fections in the mixing of the compound, thus resulting 
in minute streaks of nonrubber components suscep- 
tible to microbiological attack. In natural rubber com- 
pounds, both pitting and micropores were observed; in 
synthetic rubber compounds, only the latter occurred. 

There is no doubt that the soil burial test is most 
useful to the rubber technologist in search for rubber 
compounds resistant against the destructive agents in 
soil. However, the need for an identification of these 
agents and their mode of attack remains. In their later 
publications Blake ef al. (1950, 1953, 1955) made an 
attempt to elucidate these points. Insulations from 
which the copper wire had been removed were refilled 
with nutrient agar and sterilized. The cables thus pre- 
pared were then exposed to active soil for some period 
of time. 

The underlying idea was that deteriorating micro- 
organisms penetrate into the insulation and subse- 
quently can be found as colonies on the agar medium 
inside the insulation wall. Indeed, Blake et al. found on 
the surface of the expelled agar-fillings growth of fungi, 
some of which could be identified as Spicaria violacea, 
Metarrhizium anisopliae, Fusarium species, and Stem- 
phyliopsis species. In contrast to this, the agar expelled 
from insulations buried in sterile soil did not show any 
contamination. The results of parallel electrical tests 
on identical cables with the copper wire still inside 
correlated well with the appearance of colonies on the 
agar, insofar as electrical failure occurred after the same 
period of soil exposure. 

The interpretation of these results, more particularly 
the question of whether the isolated organisms are to be 
considered as the causative agents of the deterioration, 
demands great caution. It should be realized that cracks 
and bursts in the rubber compound may be due to 
such secondary actions of the bacterial environment as 
a change in pH level, production of corrosive agents, 
like H.S, as well as to extraction or consumption of any 
of the nonrubber hydrocarbon materials in microimper- 
fections. The mere fact that fungi have forced filaments 
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through the insulating rubber wall does not nece sari) 
mean that the fungus itself has consumed the —ubbe; 
compound; other organisms may have been’ the ctiye 
agents and prepared the passage. These organisn:. may 
not have developed on the plain nutrient aga. with 
which the rubber tubes had been filled. It is true thay 
Blake et al. reported that they also used Sabouraul agar 
in some of their experiments. However, this medium js 
rather acid so that hardly any microorganisnis not 
belonging to the fungi or yeasts would have had 4 
chance to grow. 

It therefore remains open to doubt whether the or- 
ganisms isolated by Blake et al. are able to bring about 
a deterioration of the rubber compound. 

In order to establish definite proof that a certain 
microbe can attack a vuleanized rubber product, it 
should be tested in pure culture. If in-such an experi- 
ment a visible disintegration or pitting of the rubber 
compound occurs, the conclusion seems warranted that 
the organism is able to consume rubber hydrocarbon 
also in the vulcanized state. 


MATERIALS AND Metruops 


From a waterwork in the western part of Holland, 
some specimens of rubber rings were received which had 
been used in connecting asbestos cement pipes in water 
distribution pipelines and which after several years of 
service showed obvious signs of corrosion. 

Figure 1 shows how the ring is situated in the pipe 
connection; figure 2 shows a ring with inside corroded 
surface. 
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Fia. 1. 
Rubber rings cross-hatched. 





Fic. 2. A rubber ring with inside corroded surface 
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remarkable that only the side of the ring in 


It was 
eontact With the water showed deterioration, and not 
the other side which was exposed to soil. There is, of 
course, 2 marked difference in the environment: the 
imer side is in contact with well-aerated tapwater, 
yhile the opposite side is exposed to the polder soil 
vhich, at a certain depth, rapidly becomes anaerobic. 

There were 2- to 3-mm-deep cavities in the rings on 
the water side. Experiments carried out in the Rubber 
Research Institute T.N.O. at Delft made it probable 
that the corrosion was due to local oxidation. This 
conclusion was based on the differences in the rate of 
oxygen uptake at 70 C of slices of the attacked surface, 
of the normal surface, and of the interior part of a ring. 
The attacked surface was distinctly more liable to oxi- 
dation than the other parts. 

Microscopical preparations from the corroded surface 
of rings, freshly removed from the water pipes, showed 
an amorphous material in which now and then some 
bacteria could also be discerned. After streaking some 
of this material on various media, a variety of bacterial 
colonies developed. It was attempted to cultivate rub- 
ber-consuming organisms directly, by inoculating a 
slice cut from the deteriorated surface into a sterilized 
tapwater medium containing a weighed piece of a nor- 
mal rubber ring. After some weeks’ incubation at 25 C, 
the pieces of rubber showed a cloud of fungus growth 
enveloping the rubber. A Fusarium species could be 
readily isolated. However, even after two months it 
was impossible to detect any weighable loss of rubber. 
The observed mold growth must, therefore, have been 
due to extractable organic materials present in the 
tubber compound. This was checked by making cold- 
and hot-water rubber extracts; both proved to be excel- 
lent nutritional media for the isolated Fusarzum strain, 
as well as for several other fungi and bacteria. 

In a later phase of the investigation, the presence of 
rubber-decomposing organisms on the surface of a de- 
teriorated rubber ring was tested with the aid of latex- 
agar plates prepared according to Spence and van 
Niel (1936). 

The latex used was purified by repeated centrifuging 
in distilled water, to which a small amount of aerosol 
M.A. (dimethylamyl ester of sulfonated succinic acid) 
had been added. The addition of this dispersing agent 
had a stabilizing effect on the latex, thus permitting a 
more thorough elimination of the nonrubber substances 
uaturally occurring in the latex. In this way, the latex 
was washed six times. After this, the latex was diluted 
to 20 per cent and dialyzed against 0.1 N phosphate 
buffer of pH 6.9. The buffer solution was renewed three 
times. 

The latex thus prepared could stand sterilization in 
the antoclave at 115 C. A sufficient amount of the di- 
luted latex was added to a solution containing 2 per cent 
washed agar, 0.1 per cent potassium dihydrogen phos- 








phate, 0.1 per cent ammonium sulfate, and 0.05 per 
cent magnesium sulfate to make a medium containing 


about | per cent of purified rubber. The pH level was 


adjusted to 7.0. Small pieces cut from the damaged 
surfaces of a rubber ring were put upon the latex-agar 
plates. On other plates, slices of the damaged surface 
were streaked in order to obtain isolated colonies of 
rubber-consuming organisms. Then the plates were in- 
cubated, partly at 25 C, partly at 30 C. 

Since, as mentioned above, the purified latex is never 
free from all nitrogenous matter, it is not surprising that 
colonies of nonrubber-decomposing organisms devel- 
oped on the plates. Various Pseudomonas species, among 
which Pseudomonas fluorescens prevailed, grew pro- 
fusely on the plates. These colonies were never sur- 
rounded by clear zones. After 10 days, however, several 
other colonies were surrounded by distinctly transparent 
zones in the opaque latex-agar. On the plates seeded 
with the rubber fragments, local clear zones had also 
appeared. Around the rare and poorly developed col- 
onies of fungi no transparency was ever observed. 

The colonies that had produced clear zones were 
easily recognized as Actinomycetes. A few were pink- 
rose without spore formation; in others, spores were 
responsible for a black center in the colony. A latex-agar 
plate streaked with the latter organism is shown in 
figure 3. Some of these organisms, obviously belonging 
to the genus Streptomyces, were brought into pure cul- 
ture by subcultivating on latex-agar. 

Two of these strains were then tested for their ability 
to attack vulcanized rubber. For this purpose, the man- 
ufacturer of the rubber rings kindly placed at our dis- 
posal thin strips of the same composition as the rings. 





Fia. 3. Colonies of a Streptomyces species on a latex-agar 
plate. Clear zones around the colonies indicate rubber attack. 
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immersion 
vulcanization process and were about 0.2 mm thick. 
The strips were mounted on glass spanners, the strips 


These circular strips were made by the 


being stretched to give a circumference elongation of 
approximately 10 per cent. The mounted rings were put 
in round flasks so as to be partly immersed in a solution 
of 0.1 per cent K2HPO,, 0.05 per cent (NH4)eSOq, and 
0.02 per cent MgSO, in distilled water. The assembly 
was closed with a cotton plug and sterilized 15 minutes 
at 115 C. A photograph of such a flask is shown in figure 
4. Two flasks were inoculated, each with one of the 
isolated Streptomyces strains. A third flask served as an 
uninoculated control. 

After they had been kept at room temperature for 
8 months, small holes became visible to the naked eye 
in one of the inoculated strips. After 12 months, the 
holes had reached a diameter of 1.5 mm. The rubber 
strip inoculated with the second Streptomyces did not 
show distinct holes, but it had become wrinkled and 





Fic. 4. Device for the study of the attack of vuleanized 
rubber strips by pure cultures. 





Fia. 5. Vulcanized rubber strip perforated by a Streptomyces species. 
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limp. That these effects both must have originated j 
microbial action is testified to by the appearance of th 
control. The control strip still had the same appearane 
as at the beginning of the experiment. The strips wep 
then taken out for inspection. A picture of the pe. 
forated strip is shown in figure 5. By microscopicg| 
examination of the edges of the holes, filaments 9 
Streptomyces could easily be detected. Figure 6 js , 
photomicrograph of one of the holes in the perforate 
strip; a dense growth of Streptomyces filaments withiy 
the area of destruction can be clearly discerned. Tengj|: 
strength measurements, kindly carried out by the Rub. 
ber Institute T.N.O. at Delft, showed the averag 
values. 

This test leaves no doubt regarding the destructiye 
action of the two Streptomyces strains examined. The 
conclusion therefore seems warranted that these two 
strains, which had been isolated from corroded rubber 
rings, are able to attack vulcanized rubber. 

The significance of this result for the problem of the 
deterioration of the rubber rings in the pipelines of the 
water-distribution net again demands a cautious inter. 
pretation. It is certainly highly significant that from a 
corroded part of such a ring a microorganism has beer 
isolated which in pure culture is able to attack a vulean- 
ized rubber compound having the same composition as 
the ring in question. However, it should not. be los 
sight of that the conditions prevailing at the surface 
of the corroded ring are distinctly different from those 
which are realized in the pure culture experiment. One 
needs only point out the low concentration of mineral 
nutrients in the tap water. It seems possible that the 
continuous supply offered by the running water cai 
make up for the difference in this respect. However, if 
the deterioration of the ring would be solely due to the 
action of some Streptomyces species, one should have 
expected that a microscopical examination of the ma- 
terial adhering to the corroded rubber should have 
revealed the presence of easily recognizable Streptomyces 
filaments. In reality, such filaments were only scantily 
observed. 
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Fic. 6. Photomicrograph of cavity in rubber strip showing 
Streptomyces filaments. 


TaBLe 1. Tensile strength measurements of vulcanized rubber 
strips inoculated with Streptomyces 


Vulcanized Rubber Strips Prem N Elongation 
kg/cm? % 
Uninoculated control 122 480 
Perforated strip (inoculated with a Strepto- 
myces sp.) aie 80 390 
Wrinkled strip (inoculated with a Strepto- 
myces sp.) siege 70 300 


we can only conclude that further 
investigations are indispensable for a final decision in 
this matter. 


In summarizing, 


The Effect of the Addition of Some Fungicides 


In following this line of research, it is, of course, 
tempting to search for fungicides or other germicides 
that render rubber compounds unassailable to microbial 
activities. 

Soon after ZoBell and Grant in 1942 had drawn at- 
tention to a possible microbial attack of vulcanized 
rubber, such a suggestion was made by Dimond and 
Horsfall (1943). These investigators proposed the use 
of the fungicidal properties of the well known vulcani- 
zation accelerators mercaptobenzothiazole (Captax)? 
and tetramethylthiuram disulfide (Tuads).? They there- 
fore examined the germicidal effect when the said com- 
pounds were mixed with zine oxide, as normally would 
happen in compounding rubber products. In spore ger- 
mination tests, the Captax in mixtures with zine oxide 
lost its germicidal properties, while Tuads was not inac- 
tivated. The authors accept the theory that the thiuram 
compound will remain present as such in rubber after 
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TABLE 2. Composition of mixtures in parts by weight 
vulcanized into thin films 
Number of Compound Mixtures 
Compounds a is 5 s 
1 2 3 4 5 6 


Smoked sheet ... {100.0 |100.0 100.0 100.0.100.0 100.0 


Zine oxide.... ...-| — | 10.0) 10.0} 10.0} 10.0; 10.0 
Stearic acid..... week oS — |} 2.0; 2.0) 2.0| 2.0 
Lubricating oil. ae —} —| 2.0; 2.0) 2.0 
Cannel black — — | 20.0, 20.0; 20.0 
Sulfur ee 8.0; 3.0) — 3.0} 3.0) 3.0 
Phenyl-8-naphthylamine..; — 1.0; — 1.0} 1.0; 1.0 
Diphenylguanidine.......| — 1.0| —| 0.5) - 
Mercaptobenzothiazole....) — - — |} 0.8 
Benzothiazy! disulfide. ...; — ~ — 0.5' 0.5 
Tetramethylthiuram disul- 

Ht acini ance te, — —| 3.0 0.2; — 
Zine dimethyldithiocarba- 

mate ee at a — — — 0.2 


Vulcanization time in min-| 
utes. 


vulcanization. Nevertheless, it is clear that such experi- 
ments cannot decide on the ability of the said fungicides 
to protect vuleanizates against microbial attack. 

It seemed desirable to investigate this point more 
directly. For this purpose, special mixtures were made 
and vulcanized in thin films of about 0.2-mm thickness. 

Six different mixtures were prepared; their compo- 
sition is indicated in table 2. 

Vulcanization took place at 142 C, the vulcanization 
time was chosen in connection with the vulcanization 
rate of each mixture. Mixture no. 3 contained 3 parts 
by weight of the tetremethylthiuram disulfide com- 
pound per 100 parts of rubber, which is far more than 
normally applied in rubber processing. Mixture no. 5 
is based on a normal technical formula and contains the 
usual quantity of tetramethylthiuram disulfide. Mix- 
ture no. 6 is compounded with the zine derivative of 
the latter. The mixtures 3, 4, 5, and 6 thus contained 
the fungicides to be tested. 

Strips of about 12 cm in length were cut and made 
into circular strips by sticking both ends together. In 
mounting them on glass U-rods, the strips were slightly 
stretched, the elongation being restricted to 5 per cent. 

Inasmuch as a rapid test was wanted, the soil burial 
test was applied. Strips of each sample were put into 
wide glass tubes. Then the tubes were filled with loose 
garden soil, half way up the rubber strips, as is shown in 
figure 7. One series of tubes was filled with soil sterilized 
at 120 C. Both series were kept at 30 C in an incubator 
room with moisture control in order to avoid drying. 

After a period of five months the tubes were opened 
and the rubber strips were examined. The strips from 
the tubes with sterilized soil did not show any sign of 
deterioration; only samples no. 1 and no. 3 (without 
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Fic. 7. Soil burial test of rubber strips in glass tubes 
antioxidant) had lost some elasticity; the others were 
quite normal. 

In the nonsterile series, sample no. 1 had become 
slimy and sticky, whereas the samples no. 4, 5, and 6, 
which corresponded to normal technical rubbers, 
showed several distinct holes. It is remarkable that 
sample no. 2 showed only superficial black spots, a 
result for which no explanation can be offered. Sample 
no. 3 had become only as limp as the corresponding 
control. 

From the behavior of samples no. 4 and 5 it can be 
concluded that neither the presence of mercaptobenzo- 
thiazole, nor that of tetramethylthiuram disulfide in 
the normally applied amount does prevent microbial 
deterioration. Only a large quantity of the latter seems 
to be adequate in this respect, but such an addition may 
well influence the general qualities of the final rubber 
product in an unfavorable way. 

In order to determine whether the holes in the sam- 
ples 4, 5 and 6 had their origin in fungal or bacterial 
action, the edges of the holes were examined under the 
microscope. Filaments of Actinomyceles were abun- 
dantly found. There was a striking similarity of the 
image to that observed in the experiment with the pure 
culture of Streptomyces. 

It is remarkable that the samples having a composi- 
tion as technically applied (nos. 4, 5, and 6) showed the 
clearest signs of attack. One might be inclined to con- 
nect this with the high content of carbon black in these 
samples, although this product itself is certainly not 
attacked by microorganisms. 
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From the foregoing experiments it follows tha’ regy|; 
of investigations on the microbial attack of ompley 
materials like vulcanized rubber must be interpreta 
with great caution. In this connection, we need only 
remind ourselves of the fact that a Fusariun strai 
which gave rise to a luxuriant surface growth op , 
piece of vuleanized rubber was found to be unable ¢ 
attack the rubber hydrocarbon present in a plate coy. 
taining purified latex. This same strain, however, grey 
profusely in an aqueous extract of the vulcanized ry). 
ber. The same observations were made for some straiys 
of Penicillium and Aspergillus. Growth of molds « 
vulcanized rubber may, therefore, proceed entirely 4 
the expense of the nonrubber constituents of the yul. 
canized product. ; 

The conclusion that the ability to attack rubber hy- 
drocarbon is never encountered among fungi would g 
too far. Nevertheless, we wish to state explicitly here 
that the stray colonies of fungi which from time to time 
developed on our latex plates, inoculated either with 
material removed from the corroded rings or with soi 
particles, never led to the formation of clear zones i 
the latex plates, as the simultaneously growing Sirepto- 
myces colonies did. Moreover, it also seems significant 
that the rubber-attacking organisms which _ both 
Séhngen and Fol (1914) and Spence and van Niel (1936 
isolated from their enrichment cultures all belonged to 
the Actinomycetes. Only Kalinenko (1938) claimed to 
have observed consumption of nonvuleanized rubbe 
by pure cultures of some Aspergillus and Penicilliun 
strains. However this may be, there is no doubt that we 
may consider the ability to attack rubber hydrocarbon 
to be a property most frequently encountered among 
the Actinomycetes. 

It may be stressed that a first convincing demonstra- 
tion has been given of a disintegration of vulcanized 
rubber by a pure culture of some microorganism. The 
extent of the breakdown was such that the rubber 
hydrocarbon must also have been involved. Apparently, 
the presence of sulfur bridges does not offer an effective 
protection in this respect, although they certainly de- 
crease the vulnerability. 

A way to protect vulcanized rubber products against 
microbial deterioration seems to be the addition of some 
product toxic for Streptomyces species. Experiments in 
which the fungicides mercaptobenzothiazole and tetra- 
methylthiuram disulfide were tested did not yield sat- 
isfactory results. 

A second approach to the solution of the problem may 
possibly be found in a procedure which makes the rub- 
ber product less accessible to water. In this connection, 
it may be remarked that Boggs and Blake (1936) 
showed that the water absorption of rubber is largely 
determined by its protein content. With deproteinized 





1955) 


yubber, 
was redu 
0 which 
cordingly 
proteiniz 
with mu 
It seems 
also mar 
microbia 
Finall 
Blake et 
least ce 
either ar 
at a mu 
of natur 
Bakat 
addition 
ical pro 
compou 
with im 
and Bo: 


The 
Kluyve 
experin 





script, 
Delft fc 
Luteyn 
for his 


A bi 
crobial 
data ¢ 
should 

Wit! 
Spence 
isolate 
of one 
state 
tinct | 











VOL, } 


results 
Ompley 
prete 
d only 
Straj) 
1 ON 4 
ible 4 
LE CO) 
", grew 
d rub. 
Strains 
Ids 0) 
‘ely at 
ie vul- 


er hy- 
uld go 
v here 
O time 
* with 
h soil 
Nes in 
repto- 
ficant 
both 
1936 
red to 
ed to 
abber 
Llium 
at we 
urbon 
mong 


istra- 
nized 

The 
ibber 
ntly, 
ctive 
y de- 


ainst 
some 
ts in 
etra- 


sat- 


may 
rub- 
tion, 
936) 
gely 


‘ized 








1955) 


jubber, ‘he water absorption of a vulcanized compound 
was reduced to one-sixth of that of a similar compound 
jn which untreated natural rubber had been used. Ac- 
wordingly, they established that by compounding de- 
proteinized rubber cable insulation could be obtained 
with much greater resistance against exposure to water. 
It seems likely that a decrease in water absorption will 
also markedly reduce the liability of a vulcanizate to 
microbial attack. 

Finally, it should not be lost sight of that the work of 
Blake ef al. (1949, 1950, 1953, 1955) has shown that at 
least certain types of synthetic rubber compounds 
either are invulnerable to microbial attack or deteriorate 
at a much slower rate than corresponding compounds 
of natural rubber. 

Bakanauskas and Prince (1955) emphasize that the 
addition of certain fungicides is harmful to the phys- 
ical properties of both natural and synthetic rubber 
compounds. Some fungicides can, however, be used 
with impunity. This supplements earlier work by Stief 
and Boyle (1947). 
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SUMMARY 

A brief survey of the principal publications on mi- 
crobial attack of rubber is given. It is stressed that many 
data dealing with vuleanized rubber are vague and 
should be interpreted with great caution. 

With the aid of purified latex plates, as devised by 
Spence and van Niel, several Streptomyces strains were 
isolated which attack rubber hydrocarbon. The ability 
of one of these strains to attack rubber in the vulcanized 
state was definitely proved; in thin rubber strips, dis- 
tinct holes were formed. 
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An attempt was made to check the microbial attack 
by adding two well-known fungicides, mercaptoben- 
zothiazole and tetramethylthiuram disulfide, to the 
rubber compound. The result of a series of soil burial 
tests was unsatisfactory. Other possible ways of pre- 
vention of microbial deterioration of vulcanized rubber 
compounds are briefly discussed. 
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Whether all members of the coliform group of bacteria 
should be accorded equal sanitary significance has been 
debated for at least a generation. English and German 
authorities are disposed to assign special significance 
to the presence of Escherichia coli, whereas it is the 
American practice, particularly as applied to water 
analyses, to consider all coliform bacteria of equal sani- 
tary significance. The latter concept has been challenged 
from time to time, especially as to its applicability to 
various foods and, under some conditions, even to 
certain water supplies. With respect to foods, a strong 
tendency has developed to distinguish and to ascribe 
different sanitary significance to the presence of various 
species, or types, of coliform bacteria, as, for example, 
in the case of oysters and clams. 

Irrespective of which of the foregoing views one may 
hold, there is undoubtedly agreement that until a 
relatively simple, dependable, expeditious, and economi- 
cal procedure for ascertaining the F. coli and coliform 
indices, respectively, are available, the data necessary 
to evaluate properly the sanitary significance of the 
presence of various species, or types, of the coliform 
group of bacteria will not be forthcoming. This report 
will deal with a procedure for the selective enrichment 
and detection of F. coli in the presence of other coliform 
bacteria in water, and this should be equally applicable 
to other foods. 


MATERIALS AND METHODS 


For the purpose of this report, the organisms of the 
coliform group will be allocated to three categories, as 
based upon the Voges-Proskauer, Koser citrate reac- 
tions (table 1). 


A Selective Medium for Detection of Escherichia coli 


In the course of some studies on the use of boric acid 
in home canning (Levine, 1921, 1923) it was demon- 
strated that this compound was not suitable for can- 
ning; but it was observed that the concentration of 
boric acid recommended (about 0.65 per cent), if 
present in nutrient agar, prevented the growth of the 
genus Aerobacter, whereas the F. coli strains employed 
grew luxuriantly. In 1935, Vaughn and Levine reported 
that a lactose broth medium containing 0.325 per cent 
boric acid and incubated at a temperature of 43 C 
could be employed for selective isolation of E. coli, 


coli 
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and Vaughn et al. (1951) presented a detailed repor 
verifying these findings. The medium in question has 
the following composition. 


Boric Acid Lactose Broth 


Proteose peptone, Difco 10.0 g 
Lactose 5.0 ¢g 
USS LT SR ee eee 12.2¢ 
KH:2PO, 4.1 ¢g 
Borie acid : 3.25 g 
Water 1000 ml 


Reaction of medium pH 7 


Growth of Coliform Bacteria in Boric Acid Lactose Broth 


In table 2 are shown the results obtained with 1078 
strains of coliform bacteria when a 4-ml loopful from 
24-hr lactose broth cultures was inoculated into boric 
acid lactose broth and incubated at 43 C. 

It will be noted that 223 (55.6 per cent) of 401 strains 
of the genus Aerobacter failed to grow at all, and only 
20 (5.0 per cent) produced gas in 48 hr. The medium 
was even more restrictive for the strains falling into 
the intermediate group of coliform bacteria. Thus, of 
280 such strains, 195 (69.8 per cent) failed to grow, and 
only 2 (0.7 per cent) formed gas. In contrast to the 
foregoing, only 6 (1.5 per cent) of 397 strains of F. coli 
failed to grow, whereas 390 (98.3 per cent) grew lux- 
uriantly with gas production. A few strains (7, or 17 
per cent) of F£. coli did not produce gas, thus indicating 
that the boric acid lactose broth medium, under condi- 
tions employed, exerts an inhibitory action against 
some Escherichia coli strains. However, as will be shown 
later, this inhibitory effect is insignificant in comparison 
with the proportion of F. coli strains that are not de- 
tected, as a result of overgrowth by other coliform 
bacteria, when standard lactose broth is employed. It 
appears quite evident that gas production, within 48 hr 
at 43 C, in the boric acid lactose medium may be con- 
sidered a reliable index of the probable presence of 
Escherichia coli. 


Lactose Broth and Boric Acid Lactose Broth as Primary 
Media for Detection of Coliform Bacteria in Water 


In the foregoing observations with pure cultures, 
the inocula were, of course, large. Similar results were 
obtained with small inocula, for example, those encoun- 
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TaBLeE 1. Characteristics of the primary subgroups of 


coliform bacte ria 


Voge Koser . 
Group Designation* Proskauer Citrate Bergey Classification 
rest rest 
Escherichia colt Escherichia coli 
Intermediate 4 Escherichia freundii 
Escherichia intermed- 
zum 
Aerobacter | + Aerobacter aerogenes 


Aerobacter cloacae 
* For the purposes of this report. 
TABLE 2. Growth and gas production of 1078 strains of the 
coliform group of bacteria in boric acid lactose broth* 


Strains 


Group Growth - Growth + Growth + 
Gas ~ Gas -- Gas 
No LY No % No. oo 
Escherichia coli (397)7 6 1.5 1 0.2 | 390 | 98.3 
Intermediate (280) + 195 | 69.7 | 83 | 29.6 2) OE 
Aerobacter (401)T 223 | 55.6 | 158 | 39.4 20 5.0 


* Incubation 48 hr, 48 C + 0.5 C. 
+ Total number of strains employed. 


tered in routine water analysis, as may be seen from the 
following. 

Lactose broth (LB) and boric acid lactose broth 
(BALB) were inoculated in duplicate with various quan- 
tities of water (10, 1, 0.1, 0.01, 0.001 ml, and so on). 
The lactose broth was incubated at 35 C, and the boric 
acid lactose broth at 48 C. Every tube showing gas 
(after 24 or 48 hr) was streaked on to Levine’s eosin- 
methylene-blue agar (EMB). Representative colonies 
from each plate were fished for identification and allo- 
cated to the coliform group as indicated in table 1 (£. 
coli, intermediate, and Aerobacter). The EF. coli and 
coliform indices (MPN) were then obtained from the 
appropriate tables of Standard Methods for the Exami- 
nation of Water and Sewage (A.P.H.A., 1946). 

It was observed that in some instances the EF. coli 
index was significantly lower when BALB was employed 
as the primary medium, but the reverse was even more 
frequently the case. These two apparently conflicting 
phenomena are attributed, on the one hand, to inhibi- 
tory properties of boric acid on some LE. coli strains and 
on the other (in the case of standard lactose broth) 
to the effect of overgrowth by Aerobacter and interme- 
diate strains of the coliform group. 

In table 3 are shown some representative data for 
water specimens in which the Z. coli indices obtained 
with LB as the primary medium were either sig- 
nificantly higher or significantly lower than when 
BALB was employed. 


TABLE 3. Some coliform and Escherichia coli indices (MPN) 


of waters planted into standard lactose broth and boric 
acid lactose broth as primary enrichment media 


Lactose Broth Boric Acid Lactose Broth 
(L ; BA 


das LB) 43¢ Ratio 
, E. coli 
Index (MPN) wie Index (MPN) — — 
C/E* C/E* 
Coliform E. coli Coliform E. coli 
E. coli index in LB greater than in BALB 
7,000 1,300 5.4:1 240 240 1.0:1 1:5 
500 230 22:1 4.6 4.6) 1.0:1 1:50 
24,000 1,300 18.0:1 62 62 1.623 1:21 
24,000 | 24,000 1.0:1 600 600 1.0:1 1:40 
E. coli index in LB less than in BALB 
24,000 62 390.0:1 | 2,400 700 3.4:1 11:1 
7,000 62 110.0:1 | 2,400 2,400 1.0:1 39:1 
700 9.4| 74.0:1 240 240 1.03 26:1 
10,000 | 1,400 50.0:1 24,000 (24,000 1.023 tis} 


* Ratio of coliform to E. coli index. 
7 Ratio of EF. coli index of primary BALB to primary LB. 


Considering those specimens in which the EF. coli 
indices employing LB (at 35 C) were greater than when 
BALB (at 48 C) was used as the primary enrichment 
medium, it will be noted that the ratio of the coliform 
to the FE. coli indices for the lactose broth series was 
(except for one instance when it was 1:1) not very high, 
2.2:1 to 18:1. On the other hand, in the instances in 
which the F. coli indices in lactose broth were less than 
those obtained with the boric acid medium, the ratios 
of the coliform to the EF. coli indices in the lactose broth 
series were very high, 74:1 to 390:1. These high ratios, 
it is believed, are indicative of overgrowth of FE. coli 
by, or antibiotic effects of, coliform strains of the 
Aerobacter and intermediate groups. The fact that the 
ratios of the coliform to EF. coli indices when lactose 
broth was used as the preliminary enrichment medium 
were practically always greater than 1:1 indicates that, 
as is of course generally recognized, gas production in 
primary lactose broth is not a dependable criterion of 
the probable presence of EF. coli. In contrast to the 
foregoing, it will be noted that when the boric acid 
medium at 43 C was used for preliminary enrichment, 
the ratios of the coliform to the EF. coli indices were 
practically always 1:1, a phenomenon which further 
attests to the value of boric acid lactose broth as a 
presumptive test for F. colt. 


Overgrowth of Escherichia coli by Other Coliform Bacteria 
in Standard Lactose Broth 


That EF. coli present in a water sample may not be 
detected by the standard procedure of lactose broth 
enrichment followed by streaking positive presumptive 
tubes onto EMB may be demonstrated by planting a 
drop from all positive presumptive lactose broth tubes 
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TABLE 4. Overgrowth or failure io detect Escherichia coli by lactose broth enrichment in presence of 


of E. coli by secondary boric acid lactose broth 


10.0 1.0 0.1 0.01 0.001 
Tube 
j Coliform E. coli 
n b a b u b , i> a b 
Watercress Pond 
Primary lactose broth 2 A A A A i @ i —_- — 24,000 | 45 
Secondary borie acid lactose broth Kyi | 1D) I ey mee 700 700 
Palolo Stream 
Primary lactose broth KA A KA A A A A 7,000 60 
Secondary boric acid lactose broth EA E EA E K E A 7,000 2,400 
Wahiawa Irrigation Reservoir 
Primary lactose broth I I IA I : 4 E E 1D 70,000 1,400 
Secondary boric acid lactose broth 1D E 1D | EK E EK E 1D 70,000 70,000 


* Gas not produced in secondary BALB. 
+t A, Aerobacter; I, Intermediate; E, EF. coli. 

into boric acid lactose broth, which is then incubated at 
43 C, by streaking all tubes showing gas (both primary 
LB and secondary BALB) onto EMB, and then by 
allocating the colonies that develop to their appropriate 
coliform groups. In table 4 are shown the results ob- 
tained for three types of waters examined in this 
manner. 

In the water sample obtained from a watercress pond 
which showed a coliform index of 24,000, F. coli was not 
detected in any of the positive LB presumptive tests, 
but, with the aid of the BALB as a secondary test 
medium, an F. coli index of 700 was obtained. Similarly, 
in a stream sample which had a coliform index of 7000, 
with an FE. coli index of only 60 by the LB technique, 
utilization of BALB as a secondary test medium dis- 
closed an E. coli index of 2400. 

In both of the foregoing instances /. coli constituted 
a minority of the coliform organisms present. The next 
example, however, indicates that the same phenomenon, 
loss of £. coli with LB as a presumptive test medium 
followed by streaking on EMB, may occur when E£. coli 
is present in larger numbers than the Aerobacter or 
intermediate types. Thus, in the sample of water ob- 
tained from an irrigation reservoir, . coli was present 
in each of two 0.01-ml, and one of two 0.001-ml portions 
of water planted, but it was not detected in the 0.1-, 
1.0-, or even 10-ml water portions with standard LB 
preliminary enrichment followed by streaking EMB 
agar. However, with BALB as a secondary medium it 
was demonstrated that F. coli was actually present in 
each of the standard LB positive presumptive test 
tubes. 

The phenomenon of loss, or failure to detect FZ. coli, 
with standard lactose broth is attributed to overgrowth 
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Volume Water Seeded (ml) 


VOL, 


other coliform bacteria and «tect 


Index (MPN 


and the antibiotic properties of some coliform strains, 
especially of the intermediate group against LZ. coli 
Fredericq and Levine (1947) reported that a group oi 
13 intermediate coliform strains studied were antibiotir 
against FL. coli in over 25 per cent of trials. Recently we 
encountered a strain of Aerobacter aerogenes which was 
similarly very antagonistic to a large proportion (22 
out of 23) of £. colt strains against which it was tested. 


Boric Acid and Standard Lactose Broth as Primar; 
Media, and Boric Acid Lactose Broth as a Secondary 
Medium, for Detection of Escherichia coli 


Various portions of water were inoculated simul 
taneously into LB and BALB as primary enrichment 
media and were incubated at 35 and 43 C, respectively. 
A drop from each positive presumptive LB tube was 
planted into secondary BALB. All tubes showing gas, 
in either the primary or secondary test. media, were 
streaked onto EMB, and several of each coliform type 
of colony that developed were fished and examined for 
allocation to their appropriate coliform group. 

The results for about 400 water samples in which 
3523 tubes were planted into primary LB and BALB, 
and positive LB presumptive tests inoculated into 
secondary BALB, are summarized in table 5. On com- 
parison of LB and BALB when employed as primary 
media, it will be noted that members of the coliform 
group were detected in 1213 (36.4 per cent) of the water 
portions planted into LB as compared with only 474 
(14.2 per cent) of the water portions when BALB was 
used, a loss of 61 per cent of coliform isolations with 
BALB. However, as to the frequency of isolation of 
E. colt, it will be noted that positive results were ob- 
tained from 499 (14.9 per cent) of the water portions 
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TaBLE 5. Relative efficiency of various procedures for detection 
of coliform bacteria and Escherichia coli in water 


Secondary 
BALB* 


Primary from Posi . 
H Primary 
Lactose (tive Lactose 4 
Broth Broth BALB 
Presump- 
tive Tests 
Numbe , of tube Ss 
Planted 3,323 1,359t 3,323 
Gas produced (48 hr) 1,359T 710 475 
Confirmed as 
Coliform . 1,213 697 474 
E. coli ; 499 669 447 
Per cent of tubes planted with water portions 
Confirmed as 
Coliform 36.4 21.0 14.2 
E. coli 14.9 20.1 13.5 
Per cent of tubes showing gas 
aie | 
Confirmed as 
Coliform 89.3 98.2} 99.8 
E. coli 36.7 94.2 


94.1 


* BALB, boric acid lactose broth. 

+ The 1359 positive primary lactose broth cultures were 
planted into secondary boric acid lactose broth. 
with BALB, a loss of only 10 per cent FE. coli isolations 
with BALB. The boric acid medium was a far better 
presumptive test for /. coli than LB, but, as is so fre- 
quently the case with good presumptive tests, the actual 











E. coli yield is apt to be somewhat lowered. 

Considering the positive LB presumptive tests, it 
will be noted that 89.3 per cent was confirmed for the 
coliform group, but only 36.7 per cent for F. colli, 
whereas, if gas was produced in BALB, when used either 
as a primary or secondary medium, 98.2 to 99.8 per cent 
was confirmed for the presence of the coliform group 
and 94.2 per cent for the presence of EF. coli. 

A perusal of the data in table 5 shows that planting 
water portions directly into the BALB yielded 447 tubes 
with 2. coli, as compared with 499 tubes with standard 
LB, a loss of 10 per cent, which may well be within the 
limits of error incident to distribution of organisms in 
the samples. However, when BALB was employed as 
the secondary test medium for positive LB presumptive 
tests, HL. 
more frequently than was the case with standard lactose 
broth. 

It might be mentioned, in this connection, that these 
studies were conducted independently by four labora- 
tories on different islands. Three of the laboratories, 
water portions being planted simultaneously into LB 
and BALB, reported fewer recoveries of /. coli with the 
boric acid medium, but in one laboratory EF. 


coli was detected in 669 tubes or 34 per cent 


coli was 
isolated from about 8 per cent more tubes when BALB 
planted into LB as compared with 447 (13.5 per cent) 
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was used. In all instances, however, with BALB as 
a secondary medium for confirmation of positive LB 
tube presumptive tests, the results in each laboratory 
showed appreciably greater numbers of successful de- 
tection of HE. coli than were obtained by the standard 
LB-EMB technique. 

Considering that over 94 per cent of all tubes showing 
gas in BALB were confirmed for EF. coli, it is apparent 
that the relatively simple and inexpensive procedure of 
confirming positive or doubtful LB presumptive tests 
by planting both into brilliant-green bile and boric acid 
lactose broth may be employed for obtaining simul- 
taneously, economically, and relatively expeditiously 
both the coliform and £. coli indices, respectively. The 
E. coli indices thus obtained will frequently be appre- 
ciably higher than those of LB to EMB followed by the 
Voges-Proskauer and Koser citrate tests on isolated 
colonies. 


SUMMARY 


With pure cultures of coliform bacteria, only 0.7 per 
cent of intermediate and 5 per cent of Aerobacter strains, 
as compared with over 98 per cent of Escherichia coli 
strains, produced gas in boric acid lactose broth. When 
water portions, or a drop from positive lactose broth 
presumptive tests, were planted into boric acid lactose 
broth, 94.2 per cent of all tubes showing gas were con- 
firmed for F. coli. Gas production in boric acid lactose 
broth in 24 to 48 hr at 43 C may therefore be considered 
a reasonably reliable criterion of the probable presence 
of E. coli. 

Data are presented which show that F. coli may fre- 
quently be overgrown, if present together with other 
coliform bacteria, in positive lactose broth presumptive 
tests, so that they are missed by the procedure of 
streaking on eosin methylene blue agar, but that FL. colt, 
if present, may be detected in such positive presumptive 
tests by transferring a drop to boric acid lactose broth 
and then streaking onto eosin methylene blue agar. 

When water portions were planted into standard 
lactose broth at 35 C and boric acid lactose broth at 
43 C as primary enrichment media, FE. coli was isolated 
from 10 per cent fewer tubes with the boric acid lactose 
broth medium. However, by employing the boric acid 
lactose broth as a secondary test medium for positive 
lactose broth presumptive tests, on the same water 
samples, 34 per cent more tubes showing gas in primary 
lactose broth were demonstrated to contain /. coli than 
by streaking such tubes directly onto eosin methylene 
blue agar. 

Confirmation of positive, or doubtful, lactose broth 
presumptive tests by planting both into brilliant-green 
bile and boric acid lactose broth and observing gas 
production in these secondary confirmatory media con- 
stitutes a simple, economical, and relatively expeditious 
procedure for obtaining, simultaneously, the coliform 
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and FE. coli indices, respectively, of water samples, and 
this method should be equally applicable to food 
products. 
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Genuine dill pickles are the product resulting from 
the fermentation, predominantly lactic, of cucumbers 
immersed in a brine containing 3 to 4 per cent salt. The 
brine also contains dill weed and may contain spices 
and garlic or extracts of their essential oils. Genuine 
dill tomatoes are manufactured from green tomatoes by 
a fermentation similar to that used for pickles (Fabian 
and Wadsworth, 1944). 

Lactobacillus plantarum is commonly associated with 
the fermentation of pickles (Pederson, 1936), although 
other lactobacilli and some yeasts undoubtedly play « 
role. A survery of the literature failed to uncover any 
reports concerning the microbial flora of fermenting dill 
tomatoes. Pederson (1936), however, mentions that 
L. plantarum has been found in fermenting and spoiled 
tomato products. 

The formation of white pustules on fermented olives 
has been investigated by Vaughn et al. (1953). These 
workers found that the pustules were actually massive, 
subepidermal growths of L. plantarum. They also noted, 
but did not investigate, the presence of such pustules 
on fermented Italian peppers and pickled green toma- 
toes. 

We have noted the presence of white pustules on 
commercially packed dill tomatoes and pickles and on 
sweet pickles prepared from salt stock. This report 
deals with microbiological and histological studies of 
pustules on dill tomatoes and pickles. 


MATERIALS AND METHODS 
Isolation and Study of Microorganisms 


Isolations were made from home-canned dill pickles 
and dill tomatoes 2 to 3 months after active fermenta- 
tion had ceased. The tomatoes or pickles were washed 


terium aerogenes on a simplified eosin-methyle:e-bly 
agar. J. Infectious Diseases, 23, 43-47. 

LevINE, M. 1921 Notes on Bacterium coli and Bavcteriyy 
aerogenes. Am. J. Publie Health, 11, 21-23. 

Levine, M. 1923 The value of boric acid canning compoun 
in food preservation. J. Home Eeon., 15, 64-70. 

Vaucun, R. H., anp Levine, M. 1935 Effect of tempera 
ture and boric acid on gas production in the colon group 
J. Bacteriol. 29, 24-25. 

Vauaun, R. H., Levine, M., ano Smirn, H. A. 1951 A buf 
fered boric acid lactose medium for enrichment and pre 
sumptive identification of Escherichia coli. Food Re 
search, 16, 10-19. 


in tap water, immersed for 10 sec in a solution contain- 
ing 50 ppm of chlorine, and rinsed in tap water. Pus- 
tules were lanced with a sterile scalpel, and a small 
amount of the pustular material was shaken thoroughly 
in sterile water. The aqueous suspension was streaked 
on tomato juice agar (Difco tomato juice agar, with the 
agar content increased to2 per cent), and the plates were 
incubated at 30 C either aerobically or in an atmosphere 
of 10 per cent carbon dioxide and 90 per cent hydrogen. 
Controls were carried out on the efficiency of the surface 
sterilization and sterility of the tap water. 

Well-isolated colonies were picked from the streaked 
plates and their purity ensured by successive streaking 
on tomato juice agar. Forty-four cultures were studied 
for gram reaction, catalase production, and ability to 
ferment sugars and polyalcohols. The following com- 
pounds were added aseptically to 0.5 per cent. sterile 
yeast extract broth containing brom cresol purple indi- 
‘ator in order to yield a final concentration of 0.5 per 
cent: glycerol, inulin, maltose, mannitol, arabinose, 
xylose, fructose, galactose, glucose, mannose, lactose, 
sorbitol, sucrose, rhamnose, and raffinose. 

Yeast extract or 2 per cent malt sprout extract con- 
taining 3 per cent glucose was employed as the medium 
for the production of acid by representative cultures. 
Qualitative and quantitative studies were made on the 
fermented medium 4 to 7 days after inoculation. 

Tests for volatile acids were made by steam distilla- 
tion of the acidified fermented medium and titration of 
the distillate with standard base (Neish, 1952). Lactic 
acid was recovered as zine lactate by the method of 
Brin, Olson, and Stare (1952), and the rotation deter- 
mined polarimetrically. 

Quantitative determinations of acid were made by 





VOL, 3 a 1955\ 





Fic | 
brine. 





Fia 


in briz 


ton 


tit 
me 


pu 
tu 


10 


0) 



















































VOL. 3 


&-blye 
feriuy 
pound 


nipera 
sroup 


\ buf 
id pre 


id Re 


itain- 

Pus- 
small 
ighly 
aked 
h the 
were 
rhere 
ogen. 
rface 


aked 
‘king 
died 
y to 
eom- 
erile 
indi- 
) per 
108e, 


Lose, 


con- 
ium 
res. 

the 


illa- 
n of 
etic 
1 of 


ter- 


| V 





PUSTULE FORMATION BY LACTOBACILLI 
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. Fic. 5. Vertical section through pustule on tomato (X 50) 
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Fig. 3. Bacteria taken directly from pustular material in 

tomato (X 1000). 


titrating with standardized base or by the colorimetric 
method of Barker and Summerson (Neish, 1952). 





Histology tt ae ee 

° ‘ ° . . ge ef ¥ * ‘OT om toh ge Ge <> i * 
Histological studies of vertical sections through the 

pustules were made. Blocks of material containing pus- 

tules were embedded, sectioned, and stained with hema- 

toxvlin according to methods described by Sass (1951). 


Fic. 6. Vertical section through pustule on cucumber (X 50) 


and on a number of the pickle samples examined. Small, 
white, convex blemishes appeared approximately 3 


EXPERIMENTAL RESULTS weeks after the initiation of fermentation. Within 6 
Pustules and Bacteria weeks, the pustules were very pronounced and had at- 
During the two successive years this work was carried tained a maximum diameter of from 0.5 to 3.0 mm (fig- 


on, pustules were observed on the majority of tomatoes ures 1 and 2). On incision of the epidermis covering the 
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pustules, a white butyrous material, composed of gram- 
positive, rod-shaped bacteria, was obtained (figures 3 
and 4). 

Forty-four cultures were obtained from 17 tomatoes 
selected from three batches of fermented tomatoes. All 
of the isolates were catalase-negative, and all failed to 
produce gas from any of the carbohydrates employed. 
Volatile acid determinations on fermented media failed 
to indicate even trace amounts of acetic acid. On the 
basis of these results, all of the isolates were considered 
to belong to the homofermentative group of Lacto- 
bacillus. 

Thirty-seven of the isolates were found to have a 
carbohydrate fermentation pattern identical to that of 
L. plantarum. Lactic acid isolated as the zine salt was 
of the inactive form. All members of this group produced 
abundant lactic acid (1.5 per cent). The remaining 
isolates resembled L. leichmannii in all respects except 
that they produced only small amounts of lactic acid 
(0.4 per cent) in malt sprout glucose broth. No isolates 
were obtained from cucumbers, although material from 
several pustules was streaked on tomato juice agar and 
incubated both aerobically and anaerobically. 


Histology 


Vertical sections through pustules on tomatoes and 
cucumbers are shown in figures 5 and 6, respectively. 
The lense-shaped masses of bacteria have caused a 
compression of parenchymal cells and a bulging of the 
epidermis. The epidermis covering pustules in tomatoes 
was partially sloughed off in all sections of three pustules 
studied, but the relationship of the epidermis to the 
pustule can be seen in figure 5. 


Discussion 


This report extends the observations of Vaughn ef al. 
(1953), who investigated only white spots on olives, to 
fermented tomatoes and cucumbers. In contrast to the 
results of these workers who found only L. plantarum, 
we have isolated two species responsible for producing 
pustules in tomatoes, L. plantarum and L. leichmannii. 
Only one species was present in a single pustule. 

The presence of bacteria in pustules on cucumbers 
was readily demonstrated microscopically, but the failure 
to recover viable organisms by methods which were 
suitable for the studies on tomatoes is not readily ex- 
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plainable. Vaughn ef al. failed to recover viable crgap. 
isms from pustules on olives which had been fermented 
for 9 months but the cucumbers which were investi ated 
in our laboratory had been fermented only 2 to 3 
months. 

The presence of these blemishes on fermented toma- 
toes and cucumbers is of biological interest, but prob. 
ably of little economic importance. The dill pickles are 
not rendered unsightly, and sweet pickles made from 
salt stock containing pustules are acceptable. 
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SUMMARY 


Subepidermal, shiny white pustules on fermented 
tomatoes and cucumbers have been studied histologi- 
cally and bacteriologically. The pustules are massive 
growths of gram positive, rod-shaped bacteria which 
compress the surrounding parenchyma and cause a 
bulging of the epidermis. Lactobacillus plantarum and 
Lactobacillus leichmannii were isolated from the pustules 
on tomatoes. Bacteria were observed in the pustular 
material from cucumbers, but no isolates were obtained 
by the methods used. 
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